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A  COST  EFFECTIVENESS  STUDY 
OF  PREFABRICATED  MEMBRANE  SURFACINGS 

I.  INTRODUCTION 


BACKGROUND 

1.  Prefabricated  membrane  surfacings  are  required  to  provide 
the  Army  with  improved  capability  to  produce  the  required 
aircraft  landing  facilities.  In  theaters  of  operations, 
which  are  essential  for  support  of  air  mobility  concepts. 

The  primary  function  of  the  membrane  is  to  provide  a  rapid 
means  of  waterproofing  and  dustproofing  airfield  runways, 
helipads,  taxlways,  aircraft  parking  areas,  aiM  military 
roads  around  airfields.  The  membrane  may  be  used  for  this 
purpose  under  landing  mats  or,  where  soil  strength  is 
adequate,  as  the  main  wearing  surface.  In  which  case  It  must 
also  provide  an  all-weather  nonskid  surface  for  proper  air¬ 
craft  control,  particularly  when  short-field  takeoff  and 
landing  procedures  are  used.  Use  of  the  membrane  will  enable 
In-situ  soil  strength  to  be  maintained,  reducing  airfield 
construction  and  maintenance  effort  required,  and  provide 
dust  control,  reducing  safety  hazards  to  aircraft  operation 
and  airfield  detection. 

2.  The  wide  variation  In  severity  of  service  conditions  Is 
such  that  three  weights  (strengths)  of  membrane  are  currently 
In  use  or  under  engineering  development.  These  are  all 
neoprene-coated  nylon  fabrics  with  characteristics  listed  in 
Table  1  . 


Table  1 

Neoprene  Coated  Nylon  Fabric  Membranes 


Membra  ne 
Designation 


Average  Tensll e 

Breaking  Strength  Weight  Relative 

_ ( 1  b/ 1  n) _ ( 1  b/ sq  ft )  Cost 


T-16  (1  ply)  480 

T  —  1  7  (2  ply)  956 

WX-18  (4  ply)  2058 


0.130  1 
0.333  2 
0.456  3 


Tabulated  data  for  several  membranes  which  have  bc^n  tested 
In  the  laboratory  or  In  the  field  are  presented  In 
Appendix  D. 


3.  A  Department  of  the  Army  Approved  Qualitative  Materiel 
Requirement  for  Prefabricated  Airfield  Surfacings  (QMR)  has 
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Preceding  page  blank 


been  developed  which  lists  the  desired  functional  character¬ 
istics  of  membranes,  based  on  experience  with  current 
membranes  but  involving  some  apparently  reasonable  improve¬ 
ments,  particularly  in  weights  and  placement  rates  (^v'f.  1).* 
While  three  classes  of  membranes  are  contemplated  (light, 
medium,  and  heavy  duty),  the  QMR  also  expresses  the  desire 
to  simplify  the  procurement,  stocking,  and  distribution  of 
membranes  by  the  use  of  a  single  membrane  for  all  severities 
of  service.  By  implication,  a  rational  system  using  only 
t.wo  weights  of  membrane  would  also  be  responsive  to  this 
general  goal. 


OBJECTIVE 

4.  The  objective  of  this  study  is  to  provide  a  basis  for 
deciding  whether  to  develop  a  family  of  membranes  of  various 
weights,  or  a  single  membrane  of  optimum  weight,  to  satisfy 
military  requirements  for  membrane  as  set  forth  in  the  QMR. 


STUDY  BOUNDS 

5.  For  the  purpose  of  this  study,  a  prefabricated  membrane 
is  defined  as  a  thin,  soft,  pliable  sheet  fabricated  at  a 
factory  so  that  field  installation  will  consist  mainly  of 
assembling  and  uniting  standardized  parts.  Other  means  of 
waterproofing  and  dus tproof v ng ,  such  as  extra-light  landing 
mat,  surfaclngs  which  are  not  prefabricated  (e.g.,  sprayed- 
on  coatings),  or  chemical  soil  stabilization,  are  not 
considered. 

6.  Although  the  membrane  surfacings  may  be  utilized  to 
support  air  operations  in  any  land  area  of  the  world, 
primary  use  is  expected  to  be  in  underdeveloped  areas  where 
airfields  are  either  non-existent  or  inadequate.  The  use  of 
such  membranes  on  ice  or  snow  subgrades  (e.g,,  winter  sub¬ 
arctic  and  arctic  operations)  is  not  anticipated.  Secondary 
uses  of  membranes  are  not  considered. 

7.  Three  families  of  membranes  Involving  one,  two,  or  three 
membrane  weights  (duty  classes),  respectively,  were  examined 
for  use  on  airfield  traffic  areas.  A  fourth  membrane  weight 
class  was  considered  for  use  on  non-traffic  areas.  Each 


*For  convenience,  a  copy  of  the  QMR  is  included  in 
Appendix  A. 


2 


family  wts  optimized  for  selected  theater  scenarios  with  the 
stipulation  that  the  QMR  must  be  satisfied  for  each  airfield 
in  each  theater.  In  addition,  for  a  given  optimum  family  of 
membranes,  three  alternative  policies  for  membrane  use  In 
the  construction  of  a  given  class  of  airfield  were  examined: 

a)  The  use  of  only  one  membrane,  of  those  available  In 
a  family  ( 1 . e . ,  the  membrane  which  satisfies  the  heaviest 
duty  requirement  of  the  airfield),  throughout  the  airfield 
(used  for  two-  or  three-membrane  families). 

b)  The  optimum  use  of  two  membranes  of  those  available 
In  a  family  to  satisfy  the  duty  requirements  of  the  various 
portions  of  the  airfield  (used  for  three-membrane  families). 

c)  The  optimum  use  of  all  membranes  In  a  family  to 
satisfy  the  duty  requirements  of  the  various  portions  of  the 
airfield  (used  for  one-  to  three-membrane  families). 

8.  Membrane  performance  Is  defined  as  the  capability  of  the 
membrane  to  wi thsta  nd  appl led  loads  from  aircraft  or  wheeled 
ground  vehicles  while  providing  a  means  of  waterproofing  and 
dustproofing  graded  subgrades  at  airfields.  Other  perform¬ 
ance  characteristics  specified  In  the  QMR  which  are 
Independent  of  applied  wheel  loads  (e.g.,  resistance  of 
adverse  effects  from  POL  spillage  and  ambient  temperature 
variations)  are  assumed  to  be  met  by  the  membrane  material; 
otherwise  the  material  must  be  rejected  out  of  hand. 


APPROACH 


9.  To  accomplish  the  overall  objective,  the  study  consisted 
of  three  major  phases  of  analysis: 


a) 

Phase  I:  A  trade-off  analysis  was  performed  to 

determl 

e  the  effect  on  membrane  cost  and  mission 

effect  1  ve 

ness  resulting  from  specific  changes  to  the  QMR. 
following  parameters  were  considered: 

The 

1 . 

Performance  (operational  capability) 

2. 

Weight 

3. 

Reliability  and  durability 

4. 

T  ransporta  bl  1 1  ty 

5. 

Mai ntalnabil 1 1  y 

6. 

Placement  rate 

7. 

Produc 1 bi 1 1 ty 

8. 

Logistical  support 

9. 

Ava 1 1  a  bi 1 i ty 

10. 

Service  life 
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b)  Phase  II:  A  cost  effectiveness  analysis  was 
performed  to  determine  the  most  cost-effective  membrane,  or 
combination  of  membranes,  from  those  currently  available 
that  are  capable  of  satisfying  the  QMR.  Criteria  for 
membrane  effectiveness  and  models  for  cost  and  effectiveness 
were  developed.  Effectiveness  parameters  were  weighted  to 
reflect  their  relative  Importance  and  priority  according  to 
the  general  guidance  of  the  QMR  and  of  the  Project  Advisory 
Group  (PAG).  A  sensitivity  analysis  was  performed  on 
Important  parameters  to  determine  what  variations  In 
effectiveness  would  result  from  changes  In  the  value  of 
these  parameters. 

c)  Phase  III:  To  answer  the  basic  question  posed  In 
the  overall  study  objective,  a  membrane  development  plan  Is 
provided,  based  on  the  results  of  Phases  I  and  II.  Technical 
characteristics  for  the  membrane(s)  most  suitable  for 
military  requirements  are  recommended. 

1C.  Before  the  analyses  indicated  under  Phases  I,  II,  and 
III  could  be  undertaken,  several  preliminary  tasks  had  to 
be  performed.  These  included  collection  of  available  data 
and  experience.  Identification  and  definition  of  Important 
parameters,  and  development  of  models  and  programs  to 
facilitate  the  analysis. 


DATA  SOURCES 

11.  Much  of  the  required  data  for  this  study  was  found  In 
standard  technical  bulletins  and  manuals  and  In  data 
packages  supplied  by  WES.  Standard  planning  rates  for 
military  personnel  costs  and  shipping  costs  were  supplied  by 
AMC .  Data  on  theater  scenarios  were  not  readily  available 
and  unanticipated  delays  were  encountered  in  obtaining  the 
desired  Information  In  suitable  form.  Although  some 
Information  was  obtained  directly  from  the  CDC  Engineer 
Agency,  additional  estimates  and  assumptions  were  required 
to  develop  the  theater  models. 

12.  A  list  of  literature  used  In  this  study  Is  provided 
under  REFERENCES. 


MEMBRANE  EFFECTIVENESS  CRITERIA 

13.  An  essential  and  critical  task  is  the  development  of 
criteria  for  membrane  effectiveness.  After  Installation, 
a  membrane  becomes  a  part  of  an  airfield,  which  is  a 


4 


facility  to  permit  operation,  storage,  and  maintenance  of 
some  array  of  aircraft  types  (Including  helicopters)  In 
various  quantities.  The  airfield  is  a  subsystem  of  various 
aerial  surveillance,  transpo  t,  and/or  combat  systems. 
Therefore,  the  lowest  order  at  which  membrane  effectiveness 
may  usefully  be  studied  Is  at  the  level  of  its  Influence 
upon  airfield  effectiveness.  For  this  suboptimization,  it 
is  feit  that  feedback  Into  the  major  systems  Is  not 
appropriate;  i.e.,  study  at  the  airfield  effectiveness  level 
Is  not  only  necessary  but  also  adequate. 

14.  The  controlling  function  of  an  airfield  of  a  given 
class  Is  to  permit  takeoff  and  landing  of  specified  aircraft. 
The  effect  of  membrane  damage  upon  the  airfield  function  Is 
to  Interfere  with  this  basic  capability.  Accordingly,  It 
appears  that  one  primary  measure  of  airfield  effectiveness 
(and  hence  membrane  effectiveness)  for  the  present  study 
will  be  the  membrane-related  airfield  availability.  Since 
the  membrane  is  merely  one  of  many  components  upon  which 
airfield  effectiveness  depends,  a  cost  effectiveness  study 
in  which  membrane  effectiveness  is  held  constant  is  thought 
to  be  both  appropriate  and  adequate. 

15.  At  this  point  some  defi  nit  ions  and  explanatory  notes  on 
terminology  are  In  order.  Membrane-related  airfield  avail¬ 
ably  ity  is  defined  in  this  study  as  the  percentage  of  time 
duri  ng  a  24-hour  day  when  aircraft  takeoffs  and  landings 
are  not  prohibited  due  to  membrane  Inspection,  damage,  or 
repair.  It  Is  assumed  that  damages  to  the  membrane  are 
repaired  as  they  occur. 

16.  In  discussing  availability,  the  word  "failure"  has 
carefully  been  avoided  In  connection  with  membrane  damage 
because  the  QMR  defines  a  failure  as  a  repair  necessitating 
more  than  24  manhours  of  engineer  effort  to  restore.  Thus 

a  damage  to  the  membrane  (I.e.,  a  break  or  tear)  may  reduce 
availability  but  may  not  constitute  a  failure. 

17.  Placement  rate  and  service  life  of  the  membrane  will 
also  Influence  the  effectiveness  of  the  airfield  and  must 
therefore  be  Included  as  a  part  of  the  membrane  effective¬ 
ness  criteria.  PI  acement  rate  Is  the  rate  at  which  the 
membrane  Is  Initially  Installed  in  terms  of  square  feet  per 
manhour.  Since  placement  rate  Is  expressed  In  square  feet 
per  manhour,  the  effective  placement  rate  is  the  placement 
**ate  times  crew  size.  Service  life  of  the  membrane  Is  the 
number  of  sorties  for  which  the  total  area  of  membrane  of  a 
given  type  expended  for  repairs  reaches  10  percent  of  the 
total  airfield  area  covered  by  membrane  of  that  type. 
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18.  Membrane  eff  ectl  veness  Is  determined  by  the  following: 


a)  How  soon  the  membrane-covered  airfield  Is  available 
after  Initial  airfield  construction  Is  completed  (placement 
rate). 

b)  How  much  It  Is  available  on  a  day-to-day  basis 
(aval labl 1 1ty)  . 

c)  How  long  It  Is  available  after  the  membrane  Is 
Installed  (service  life). 

Membrane  effectiveness  Is  expressed  In  terms  of  placement 
rate,  availability,  and  service  life,  (see  EFFECTIVENESS). 
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II.  DEVELOPMENT  OF  MODELS 


OVERALL  ASSUMPTIONS 

19.  The  development  of  models  for  the  cost  effectiveness 
study  was  Influenced  by  the  following  overall  assumptions: 

a)  Traffic  areas*  of  airfields  In  theaters  of 
operations  will  be  surfaced  with  membrane  or  landing  mat 
over  membrane  or  left  bare. 

b)  A  given  airfield  will  use  the  same  means  of 
surfacing  for  all  traffic  areas,  although  different  duty 
classes  for  a  given  type  of  surfacing  may  be  Intermixed. 

c)  The  lightest  available  membrane  will  be  used  under 
all  1  and  1 ng  mat . 

d)  The  lightest  available  membrane  will  be  used  for 
water/dustproof  1  ng  non-traffic  areas,**  If  required. 

e)  Membrane  under  mats  requires  no  maintenance  per  se 
to  meet  QMR. 

f)  Placement  rate  for  membrane  under  mats  is  not 
considered . 

g)  In  systems  Involving  more  than  one  weight  of 
membrane,  all  membranes  will  be  of  the  same  basic 
construction  and  material,  e.g.,  a  family  of  neoprene-coated 
nylon  fabrics. 

h)  Membrane  service  life  will  be  expressed  as  the 
number  of  sorties  during  which  the  total  amo-jnt  of  membrane 
expended  on  repairs  does  not  exceed  10  percent  of  the  total 
airfield  area  covered  by  membrane  of  the  same  type. 

1)  Initial  strength  requirements  for  each  membrane 
duty  class  will  be  based  upon  availability,  maintenance, 
and  service  life  requl rements ,  with  placement  rate  being 
dependent. 

j)  Rate  of  occurrence  of  membrane  damage  Is  a  function 
of  the  number  of  sorties  (of  a  given  aircraft  and  load)  and 
Is  Independent  of  time,  per  se. 


•Includes  runways,  taxiways,  warmup  aprons,  parking  areas, 
and  helipads. 

••Includes  shoulders,  overruns,  and  peripheral  areas  where 
wat er/dustproof i ng  is  required. 


k)  i  he  si>bgrade  strength  (airfield  Index)  remains 
adequate  for  the  critical  aircraft  of  a  given  airfield. 

l)  Subgrade  strength  effects  on  membrane  service  life 
will  be  neglected. 

m)  Tire  wear  effects,  other  than  those  reflected  In 
the  mean  sorties  between  damage,  will  be  Ignored;  e.g., 
loss  of  antiskid  surface  with  time. 

n)  For  the  purpose  of  placing  membranes  of  optimum 
weight,  "runway  ends"  (l.e.,  the  landing  zone)  will  be 
defined  as  1/6  of  the  length  of  the  runway  on  each  end  of 
the  strip,  and  "runway  centers"  will  be  defined  as  the 
center  2/3  of  runway  length. 


MEMBRANE  PERFORMANCE  UNDER  AIRCRAFT  WHEEL  LOADS 


20.  The  following  assumptions  were  made  regarding  membrane 
performance: 


a)  Nominal  maximum  tensile  load  on  membrane  under 
aircraft  loading  Is  given  by  TECOM  formula  (Ref.  2): 


NL  -  -~-X-CX  x  K.  1  b/ In. 
n  x  b  L 


(1) 


where  GW 
Cf 


n 

b 


aircraft  weight,  lb 
coefficient  of  friction,  tire  to 
membrane  surface 

number  of  tires  In  main  landing  gear 
tire  section  width.  In. 
material  compliance,  multlwheel  and/or 
dynamic  multiplier 

1.0  for  TECOM  formula  (neoprene-coated 
nylon  fabric;  up  to  4  tires  In  main 
gear;  aircraft  up  to  C-130). 


b)  Nominal  tensile  strength  (NS)  of  membranes  Is  the 
mean  of  mean  warp  and  mean  fill  breaking  strengths.  For 
current  membranes  for  which  experience  Is  available  (all 
neoprene-coated  nylon),  these  figures  are  as  follows: 


T-l  6: 

NS 

-  480 

lb/in. 

Ref.  4 

T-l  7 : 

NS 

-  956 

lb/in. 

Ref.  2 

WX- 18: 

NS 

-  2058 

lb/in. 

[Ref.  3 

While  numerous  membranes  have  been  subjected  to  field 
testing  In  varying  degrees,  only  these  three  have  been  sub¬ 
jected  to  a  variety  of  wheel  loads  and  reported  In  sufficient 
detail  to  permit  the  establishment  of  a  performance  model. 
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c)  Mean  sorties  between  tears  for  a  given  membrane 

In  a  given  section  of  an  airfield  under  traffic  from  a  given 
aircraft  Is  primarily  a  function  of  the  ratio  of  nominal 
tensile  load  to  nominal  tensile  strength,  l.e.  , 

MSBO  -  /(NL/NS).  (2) 

d)  With  a  membrane  which  Is  marginal  to  acceptable 
for  service  with  a  given  aircraft  loading,  tears  occur  most 
frequently  at  runway  ends,  at  touchdown. 


Available  Data  on  Membrane  Tears 

21.  Tests  of  membrane  performance  under  aircraft  wheel 
loads  have  been  documented  for  three  neoprene-coated  nylon 
fabrics  (T-16,  T - 1 7 .  and  WX -18)  subjected  to  traffic  by  one 
or  more  of  the  following  aircraft:  0-1,  0V-1  ,  CV-2,  and 
C-130.  These  data  are  summarized  In  Table  2. 


Aircraft  Data  and  Nominal  Loadings 

22.  For  the  aircraft  types  and  loads  given  In  Table  2, 
nominal  tensile  loads  on  membranes  were  computed  by  using 
the  TECOM  formula  (1)  as  shown  In  Tabli;  3.  The  coefficient 
of  friction,  Cf,  Is  assumed  to  be  0.5  (Ref.  2),  and  the 
multiplier,  Kl,  Is  set  equal  tc  1.0. 

Analysl s 

23.  From  Tables  2  and  3,  membrane  load/strength  ratios  and 
mean  sorties  between  damage  (MSBD)  were  computed  and  are 
Included  In  Table  4.  These  values  are  plotted  In  Fig.  1, 
from  which  for  runway  ends,  an  approximate  relationship  for 
mean  sorties  between  damage  Is  given  by 

MSBDE  «  5(NSE/NL)3  .  (3) 

It  Is  noted  from  the  T-17  tests  (Table  2)  that  the  number 
of  tears  on  runway  ends  was  roughly  eight  times  greater  than 
on  runway  centers.  Thus,  for  runway  centers 

MSBOc  «  40 (  NSq/NL  )j  ;  (4) 

while  for  taxlways  and  parking  areas,  with  less  confidence, 

MSBDt  a  320{NSt/NL)3  .  (5) 

These  three  relationships  are  shown  as  dotted  lines  In 
Fig.  1. 
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lable  2 

Sumniar  y  of  Membrane  Performance  Data 


Membra  a*- 

Air¬ 

craft 

Test 

Weight1 

(ID 

Sort i es 2 

Hunu'an 

Ende^ 

. 

T  ears 

Punoaii 
Center 3 

Tax  i  - 
Park 

1 

Reference 

T-16 

0-1 

?,ron 

33 

0 

m 

5 

0V-1 

1 ?,000 

184 

29 

- 

- 

l 

T-17 

OV-1 

13,000 

102 

1 

0 

0 

? 

CV-2 

25,000 

36 

0 

0 

0 

? 

! 

C-130 

81  ,000 

75 

8“ 

0 

0 

3 

1 

1 

C  - 1  30 

1 1 5,000 

288 

33 

4 

0 

2 

1  WX-18 

C-130 

75,000 

48 

0 

0 

0 

3 

1 

C-130 

127,000 

107 

3 

0 

3 

1 

*Data  pooled  where  full  information  on  distribution  of  landing 
weights  not  Riven,  or  when  range  is  small  and  tears  were  fpw.  If 
weights  are  Known,  average  take-off  weight  durinp  test  is  used.  If 
weights  are  not  given,  maximum  take-off  weight  is  assumed. 

2Where  number  of  landings  and  take-offs  are  not  equal,  number 
of  landings  is  taken  as  number  of  sorties. 

3Ends  =  1/6  length  at  each  end,  center  =  2/3  in  center. 

**"Misses"  during  WX-18  tests,  assumed  to  be  in  T-17  panels 
300-500  feet  from  runway  end;  I.e.,  within  "runway  end"  zone- 
defined  in  footnote  3. 
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Table  3 

Nominal  Tensile  Loads  on  Membranes 


Aircraft 

Test 

Weight 

No.  Tires  In 
Main  Gear 

Tire 

Width 

(lb) 

( in.  ) 

(Cf**0.St  Kl-1.0) 

0-1 

2 

5.95 

84 

OV-1 

12,000 

2 

7.4 

406 

OV-1 

2 

7.4 

439 

CV-2 

25,000 

4 

9.5 

330 

75,000 

4 

17.1 

548 

mam  < 

81 .000 

4 

17.1 

590 

■sfn 

4 

17.1 

840 

C-130 

4 

17.1 

925 

Table  4 


Analysis  of  Membrane  Performance  Data 


Membrane 

Aircraft 

MBM 

r  ; ; 

NL 

NT 

MSB0  - 

Sortie*1 

Teirs 

(lb) 

Runway 

Ends 

Runway 

Center 

Taxi- 

Park 

T  -1 6 

0-1 

2,000 

.18 

>44 

• 

_ 

T-l  6 

0V-1 

12.000 

.85* 

6.2 

- 

- 

T-l  7 

0V-1 

13,000 

.46* 

58.3 

>131 

(>131) 

T-l  7 

CV-2 

25,000 

.35 

>48 

( >48) 

(>48j 

T-17 

C-130 

81 ,000 

.62* 

8.6 

>100 

(>100) 

T-17 

C-130 

115,000 

.88* 

8.5 

61 

>384 

WX-18 

C-130 

75,000 

.27 

>64 

(  >64) 

( >64) 

WX-18 

C-130 

127,000 

.45* 

28.5 

>143 

(>143) 

*1(0  test  sequence  ended  on  a  tear.  In  calculating  MSBD, 
it  was  assumed  in  all  cases  that  3A  of  the  interval  to  the 
next  tear  was  exhausted  at  the  end  of  the  sequence;  i.e., 
that  " 3 A "  of  a  tear  more  than  recorded  had  occurred.  On 
line  2,  for  example,  l8L  sortieB  and  29  tears  give 
18L  /  (  29+  3A  ) 3  6. 2  sorties  per  tear. 

Parentheses  indicate  no  data  available.  The  numbers 
shown  indicate  minimum  expected  values  -ud  ire  obtained 
from  the  more  severe  runway  centers  or  ends. 

•Tears  recorded  for  these  tests  only. 
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A  Check  Point  from  Vietnam  Experience 


24,  During  15  June  to  28  June  1966  at  the  "Golf  Course* 
airfield  near  An  Khe,  Republic  of  Vietnam,  76  tears  occurred 
in  T-17  membrane  when  subjected  to  the  traffic  listed  In 
Table  5  (Ref.  6).  From  the  curves  In  Fla.  1  (eq.  3,4,5), 
the  expected  number  of  tears  due  to  the  traffic  Indicated  In 
Table  5  may  be  projected  as  shown  In  Table  6.  The  total 
estimated  number  of  tears  was  65.43,  while  the  actual  number 
was  76,  a  difference  of  approximately  14  percent.  With  a 
small  margin  of  safety,  a  correction  of  15  percent  Is 
considered  reasonable. 


Model  for  Mean  Sorties  Between  Damage 

25.  By  adjusting  the  constants  In  equations  3,  4,  and  5  by 
15  percent,  so  that 


MSBDe  -  4 . 2 5 ( NSE/NL  )  3  , 

(6) 

MSBDC  -  34 ( NSC/NL ) 3 ,  and 

(7) 

MSBDt  ■  272 ( NST/ NL ) 3 . 

(8) 

the  expected  number  of  tears  can  be  made  to  match  the  actual 
number  with  a  small  margin  of  safety.  The  revised  lines  are 
drawn  In  Fig.  1  (solid  lines)  and  appear  to  fit  the  scatter 
diagram  about  as  well  as  the  'ultlal  dotted  lines. 

26.  In  lieu  of  sufficient  data  for  a  statistical  analysis, 
equations  6,  7,  and  8  will  be  used  with  due  caution  to 
estimate  the  mean  number  of  sorties  between  damage.  It  must 
be  emphasized  that  these  relationships  were  derived  from 
experience  with  neoprene-coated  nylon  fabrics  only.  While 
they  may  be  applicable  to  other  materials  with  similar 
stress-strain  characteristics.  It  Is  unlikely  that  these 
equations  are  applicable  to  a  wide  range  of  fabric  mate'lals 
and  coatings.  Also  It  should  be  noted  that  these  relation¬ 
ships  were  derived  for  fixed-wing  aircraft  only,  since  there 
were  Insufficient  data  to  develop  a  separate  performance 
model  for  rotary-wing  aircraft.  It  Is  anticipated,  however, 
that  MSBD's  for  helicopter  wheel  and  skid  loads  during 
landing  will  be  roughly  equivalent  to  MSBD's  for  aircraft 
wheel  loads  during  taxiing  and  maneuvering  on  the  taxiway 
and  parking  areas.  Thus,  for  helicopters,  equation  8  will 
be  used  to  compute  MSBD. 
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Table  5 


T - 1  7  Membrane  Performance  In  Vietnam 


Tires  in 
Main  Gear 

Tire 

Width 

NL 

0-1 

94 

2,400 

2 

5.  95 

101 

U-10 

26 

3,600 

2 

5.95 

151 

U-6 

22 

5,100 

2 

7.4 

172 

C  -  4  5 

4 

7,500 

2 

9.5 

1  97 

U-l 

7 

8,000 

2 

9.5 

210 

U-8 

28 

7 ,700 

2 

7.4 

260 

CV-2 

696 

28,50  0 

4 

9.  5 

375 

0V-1 

90 

12,700 

2 

7.4 

428 

C  -  4  7 

2 

30,000 

2 

14.8 

506 

C-l  23 

38 

48,000 

2 

14.7 

816 

C-130 

216 

1 30,000 

4 

17.1 

950 

Assumption:  Aircraft  loaded  as  for  support  area 

medium  lift  airfield. 


Table  6 

Projected  Membrane  Performance 


*No.  of  tears  = 


S(  Hk) 3 
NS 


Aircraft 

NL 

R!T 

F  NL  1 

3 

Sortl es 

s‘[fnr] 

Expected  No.  of 

Tears* 

(S) 

Runway 

Ru nway 

Taxi- 

Ends 

Centere 

Park 

K-S 

K=4  0 

K=Z?.0 

0-1 

106 

.0012 

94 

0.112 

mm 

• 

U-10 

.158 

.0039 

26 

0.101 

ELI 

- 

- 

U-6 

.180 

.0058 

22 

0.128 

0.03 

- 

• 

C-45 

.206 

.0087 

4 

0.035 

0.01 

- 

• 

U-l 

.220 

.0106 

7 

0.074 

O.Oi 

- 

- 

U-8 

.272 

.0201 

28 

0.563 

0.11 

0.01 

- 

CV-2 

.392 

.0602 

696 

41.900 

8.38 

1.05 

IBM 

0V-1 

.448 

.0900 

2 

8.100 

1.62 

0.20 

BSlfl 

i 

.530 

.1490 

90 

0.  298 

0.06 

0.01 

- 

1  gw 

.853 

.6210 

38 

23.600 

4.72 

0.  59 

.994 

.98  20 

216 

212.000 

42.40 

5.30 

0.66 

_  _j 

_ J 

57.38 

7.16 

0.89 

Total 

est.  tears 

*  57.38+7.16+0.89  - 

65.43 

MSBD 
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Additional  Notes  on  Mean  Sorties  Between  Damage 
27.  Combined  MSBU  from  equations  6,  7,  and  8  Is 


MO 


Let  NSk 


— : —  +  — : —  +  — : — 
msbde  msbdc  m  b  r 

_ L _ ♦ _ 1 _ ♦ _ 1 _ -  . 

4 . 25( NSg/NL )  3  34  <NSC/NL )  3  272( NST/NL) 3 

NS,  NSC  -  aNS,  NSt  ■  BNS,  so  that 


or 


28. 


and 


J _ 3 _  ♦  _ 2 _ ♦ _ 1 _ 

MO  4 ,25(NS/NL )  3  34a3(NS/NL)3  27  2  e  3 ( NS/ NL ) 3 


MO 


For 


a  single  membrane  used  throughout  the  airfield 
•  B  •  1  or  NSE  -  NSC  -  NSt. 

MO  -  3 . 7 3 ( NS/NL ) 3 . 


(9) 


(10) 

(11) 


29.  For  a  three  membrane  system  In  which  the  membranes  are 
placed  so  that  each  airfield  area  has  the  same  rate  of 
damage  occurrence,  we  have 


MSBDe  -  MSBDC  -  MSBDt  , 

or 

HO  -  -  1  .42  (  NS/NL  )  3 

(12) 

and 

NSC  -  oNSE  -  (4.25/34)l/3NSE  -  0.5  NSg, 

(13) 

NST  -  8NSe  -  (4. 25/272)  1  /3NSE  ■  0.25  NSE. 

(14) 

30. 

In  general,  MO  may  be  expressed  as  follows: 

MO  -  KQ(NS/NL)3. 

(15) 

From  equations  11  and  12,  it  Is  seen  that  a  practical 
range  for  Kq  1* 


1  .42  <  K0  <  3.73.  (16) 
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31,  For  computations  Involving  availability,  only  mean 
}  sorties  between  damage  to  the  runway  Is  considered,  l.e.. 


—  ■  - : —  +  - ' — 

MR  MSBDg  MSBDC 


(17) 


32.  If  the  same  material  Is  used  for  the  entire  runway, 
we  have 


and 


NSg  ■  NSc ,  or  a  ■  1  , 
MR  -  3.78(NS/NL)3  . 


(18) 

(19) 


33.  If  two  membranes  are  selected  so  that  the  mean  sorties 
between  damage  for  runway  ends  and  centers  are  equal,  then 


MSBDe  -  MSBPc, 

HR  -  «  2.1  3(NS/NL  )  3  , 


and 


NS, 


i  NS  i 


(i#)‘ 


/3 


NSe  «  0.5  NSe. 


(20) 


(21) 


34.  Ir  general,  MR  may  be  expressed  as 

MR  -  KR(NS/NL)3.  (22) 

From  equations  19  and  20,  It  Is  seen  that  a  practical 
range  for  Kp  Is 


2.13  <  Kr  <  3.78. 


(23) 
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DEFINITION  OF  MEMBRANE  DUTY  CLASSES 


35.  Membrane  duty  classes  must  be  defined  In  terms  of 
nominal  tensile  strength  levels  *or  each  membrane  system* 
as  follows: 

a)  Heavy,  medium,  and  light  duty  In  a  three-membrane 
system 

b)  Heavy  and  light  duty  In  a  two-membrane  system 

c)  Heavy  duty  In  a  single  membrane  system. 

36.  For  each  class  of  airfield  or  heliport,  the  nominal 
tensile  load  (NL)  applied  by  the  critical  aircraft  was 
established  and  areas  to  be  surfaced  were  cataloged  for: 

a)  Runway  ends  (1/3  total  runway  length) 

b)  Runway  centers  (2/3  total  runway  length) 

c)  Other  traffic  areas  (taxlways,  parking,  warmup 
areas). 

37.  The  total  weight  per  airfield  for  a  given  membrane 
system  was  estimated  from  an  approximate  relationship 
between  membrane  weight  and  nominal  tensile  strength  for 
neoprene-coated  nylon  fabrics.  From  Fig.  2,  WT  ■  NS/3384. 

It  Is  assumes  that  package  and  panel  sizes  will  remain  the 
same  as  those  In  current  use.  Membrane  areas  must  be  about 
12-1/2  percent  greater  than  airfield  areas  to  allow  for 
joining  and  anchoring  (Ref.  7),  and  10  percent  must  be  added 
for  replacement  parts  (Ref.  1).  Membrane  accessories,  such 
as  anchors,  antiskid,  adhesive,  joining  material,  and 
packaging,  contribute  about  55  percent  to  the  weight  of  the 
membrane.  Thus,  the  total  weight  of  a  membrane  system  for 

a  given  airfield  1 s 

W  ■  NS/3384  x  Area  x  1.125  x  1.1  x  1.55 
■  NS  x  Area/1765, 

or  w  ■  ( NSe  x  Ae  +  NSC  x  Ac  ♦  NST  x  AT ) / 1 765 

where  subscripts  E,  C,  and  T  represent  runway  ends,  centers, 
and  taxi-park  areas. 

38.  Optimum  nominal  tensile  strengths  for  one-,  two-,  and 
three-membrane  systems  were  calculated  to  give  QMR  24-hour 
availability,  maintenance  effort,  and  service  life.  Runway 
downtime,  maintenance  effort,  and  service  life  equations 
(see  paragraphs  43,  56,  and  63)  were  each  solved  for  minimum 
MSBD.  The  largest  of  these  three  values  was  converted  to 
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xlOO  xl 000 

NS  «  Nominal  tensile  strength  (Lb/in.) 


Figure  2.  Relationship  of  membrane  weight  and  tensile  strength 
for  neoprene-coated  nylon  fabric. 


the  required  NS  using  the  performance  model  from  paragraph 
25.  This  procedure  was  followed  for  each  airfield  class  In 
each  theater,  and  the  matrix  of  results  saved,  l.e., 
nominal  tensile  strength,  NS,  for  runway  ends,  runway 
centers,  and  other  traffic  areas. 

39.  In  order  to  reduce  the  NS  values  (par.  38)  to  a 
manageable  number,  the  matrix  was  grouped  Into  NC  numbered 
classes  such  that  In  each  class 


NS 


min 


0.9  NS 


max 


By  assigning  NSmax  the  value  for  each  class,  the  weight 

per  square  foot,  WT,  was  calculated  for  each  class  and  the 
matrix  of  results,  NC ,  NS,  and WT,  was  saved. 

40.  The  matrix  of  NS  values  (par.  38)  was  restored  using 

NC  such  that  NSrc  2-  NSRequired*  The  total  weight  of  membrane 
and  accessories  was  also  calculated  and  the  matrix  of 
results,  NC ,  W,  saved. 

41.  Optional  systems  of  one,  two,  and  three  membrane 
weights  were  generated,  each  within  constraints  of  applicable 
NC  from  paragraph  40  as  shown  In  Table  7.  For  each 
alternative  In  Table  7,  the  matrix  In  paragraph  40  was 
redone  In  terms  of  available  classes  (NC).  The  optimum  1, 

2,  and  3  membrane  system  was  saved.  For  this  suboptimi¬ 
zation,  It  was  assumed  that  the  minimum  total  tonnage  would 
approximate  the  minimum  total  cost.  The  actual  application 
of  each  of  the  three  optimum  systems  at  each  airfield  type 
In  each  theater  was  then  presented  In  tabular  form  along 
with  the  total  tonnage  of  material  required. 


RUNWAY  DOWNTIME,  AVAILABILITY,  AND  INSPECTION  FREQUENCY 

12.  The  following  assumptions  regarding  runway  downtime, 
availability,  and  Inspection  were  made: 

a)  Inspection  frequency  Is  a  function  of  MSBD  where 
S0  « number  of  sorties  between  Inspections  (see  "Inspection 
Frequency,"  par.  47-48). 

b)  Inspection  for  membrane  damage  may  be  made  In 
one-pass  along  runway. 

c)  Inspection  starts  Immediately  after  S0  sorties. 

d)  Repair  or  Inspection  time  for  taxlways  and  parking 
areas  does  not  decrease  airfield  availability. 
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Table  7 


Optional  Membrane  Systems 


NC  Sj-i  S2_i  S2«2  S2_; 

1  x 

2  x 

3  x 

4 


S2-n2*  |  S3_!  S3_2  S3_3  . . . . S 3 _ 


x 

x 


NC 

max 


x 


xxx 


x 

X 


I 

I 

I 

i 


X 


X 


*  r2 


Ri 


m2  -  1 

(  s»3— 1  )  (m3  —  2r) 
2 


m2  =  no.  membrane  classes 

anplicable  to  2-membrane 
sy  stems. 

m4  *  no.  membrane  classes 

applicable  to  3-membrane 
systems . 
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43.  Let  Dt  represent  the  mean  total  runway  downtime  per 
sortie.  In  hours,  for  a  given  membrane-surfaced  airfield/ 
aircraft/load.  There  are  two  distinct  components  of  DT, 
l.e., 


where  Dx  »  mean  runway  downtime  for  Inspection 
per  sortie, 

and  0R  *  mean  runway  downtime  for  repair  per 
sortie. 

be  def 1 ned  as 


(ct)  x  Sq 


where  L  ■  length  of  runway.  In  feet. 

V  ■  Inspection  vehicle  speed  (ft/hr) 

N  »  number  of  repair  crews  used  simul¬ 
taneously,  also  number  of  Inspection- 
repair  vehicles  used  simultaneously, 

S0  *  number  of  sorties  between  Inspections 

(see  discussion  of  Inspection  frequency, 
par.  47-48); 


will  be  defined 


(Tl  ♦  JLl)x /__!_♦  _1_\ 

\  1  CxN  J  \MSBDg  MSBDC  / 


(26) 


where 


MSBD, 


MSBD, 


mean  repair  time  unaffected  by  crew  size 
(e.g.,  drying  time  of  adhesives)  In  hr. 
per  damage, 

mean  man-hours  of  crew-related  repair 
time  per  damage, 

number  of  men  In  Inspection-repair  crew, 
per  vehicle, 

mean  sorties  between  damage  on  runway 
ends  (L/6  on  each  end), 
mean  sorties  between  damage  on  runway 
center  (2L/3). 


To  simplify,  let  MR  represent  the  mean  number  of  sorties 
between  damage  to  the  membrane  on  the  runway,  l.e.. 


msbde  msbdc 
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Thus,  from  equations  24,  25,  26,  and  27, 

Dt  3  vTn  X  s7  +  (Tl  +  Cxn)  X  MR*  (28) 

Runway  Membrane  Availability  Per  24  Hours 

44.  For  a  given  membrane-covered  airfield  and  critical 
aircraft,  the  membrane-related  airfield  availability  may  be 
conveniently  expressed  In  terms  of  sorties  per  day  and 
runway  downtime  per  sortie,  as 

A  -  (i  -  x  100  (29) 

where  S  =  mean  sorties  per  24  hours. 

45.  The  QMR  states  that  A  93  percent  based  on  an  average 
of  seven  sorties  per  day.  To  meet  this  requirement,  the 
following  Inequality  must  be  satisfied: 

0  i  Of  <  0.24  hr/sortie. 

It  should  be  noted  that  repair  or  Inspection  time  for  taxi- 
ways,  Darting  areas,  and  ground  vehicle  traffic  areas  does 
not  decrease  availability. 

46.  Reasonable  values  may  be  assigned  to  V,  T  i ,  and  T2, 
based  on  test  and  field  experience.  L  Is  known  for  a  given 
airfield  type.  It  will  be  shown  later  that  So  Is  a  function 
of  MR.  Equation  28  then  relates  the  unknowns  C,  N,  and  MR. 

A  sensitivity  analysis  will  determine  the  relative  Influence 
of  V,  T | ,  T2,  So ,  C,  and  N  on  MR  while  DT  Is  fixed  at  0.24. 

Inspection  Frequency 

47.  In  order  to  keep  runway  Inspection  time  at  a  minimum. 

It  would  be  useful  to  relate  the  frequency  of  Inspections 
to  the  frequency  of  occurrence  of  membrane  damage.  Damage 
to  T-17  membrane  during  C-130  operations  at  Ft.  Campbell, 
Kentucky  (Ref.  2),  Is  summarized  In  Tables  8  and  9.  The 
mean  number  of  sorties  between  damage  appears  to  follow  a 
negative  exponential  distribution  (NED),  as  shown  In  Fig.  3, 
t.e.. 

/(*)  •  fiV  «  M"  (30) 

where  f(x)  ■  relative  frequency  of  occurrence  of 
x  sorties  between  damage, 
x  ■  number  of  sorties  between  damage, 

MR  ■  mean  sorties  between  damage. 
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Table  3 


Summary  o'  T - 1 7  Membrane  Damage  at  Ft.  Campbell,  Ky. 
During  C-130  Operations,  2  Aug  6r  to  10  Nov  65 


Tear 

No. 

Da  te 

Time 

T-l  30  A  ircraft 

Tear  Location2 

No.  of 

Sorties3 

;  (196b) 

1 

Weight 

I  Function 1 

Position 

Pane  l 

Accumu- 

Be tueen 

j (1000  lb) 

lated 

Tears 

1 

2 

Aug 

1145 

103.6 

TO 

E 

30 

1 

1 

2 

3 

Auq 

1103 

110.5 

BR 

E 

27 

9 

8 

3 

5 

Aug 

2035 

103.5 

TO 

E 

2 

34 

25 

4 

5 

Aug 

2044 

103.5 

8R 

C 

18 

35 

1 

5 

5 

Aug 

2053 

102.5 

BR 

C 

1  9 

36 

1 

6 

6 

Aug 

1  04  5 

115.0 

TD 

E 

29 

37 

1 

7 

9 

Aug 

1  130 

115.5 

TO 

E 

2 

62 

25 

8 

9 

Aug 

1  202 

113.5 

TD 

E 

2 

66 

4 

9 

9 

Aug 

1  224 

113.5 

TR 

E 

5 

66-1/2 

1/2* 

1  0 

10 

Aug 

1213 

119.0 

TD 

E 

2 

90 

23-1/2* 

1 1 

10 

Aug 

1250 

119.0 

RU 

E 

2 

91 

1 

12 

10 

A  jg 

1427 

112.7 

TD 

E 

2 

97 

6  ) 

13 

10 

Aug 

1427 

112.7 

TD 

E 

2 

97 

0  )* 

14 

19 

Aug 

1730 

1  09.0 

TD 

E 

2 

106 

9 

1  5 

19 

Aug 

1840 

1  06.0 

TD 

E 

2 

no 

4 

16 

23 

Aug, 

1411 

127.5 

TD 

E 

29 

116 

6 

17 

23 

Aug 

1421 

127.5 

TD 

E 

28 

119 

3 

18 

23 

Aug_ 

1714 

125.0 

TD 

E 

31 

1  24 

5  K 

19 

23 

A  u  g _ | 

1714 

125.0 

TO 

E 

31 

124 

0  )* 

20 

23 

Aug 

.  - 

125.0 

LR 

C 

25 

126 

2 

21 

23 

Aug 

-  - 

125.0 

BR 

C 

23 

126 

0  * 

22 

24 

Aug 

125.0 

TD 

E 

30 

137 

11  K 

23 

24 

Aug 

125.0 

TD 

E 

27 

137 

0  ) 

24 

24 

Aug 

-- 

125.0 

TD 

E 

30 

141 

4 

2  b 

24 

Aug 

125.0 

BR 

E 

30 

141-1/2 

1/2* 

26 

25 

Aug 

1721 

125.0 

TD 

E 

29 

1  57 

15-1/2* 

27 

25 

Ai  g 

1743 

125.0 

RU 

E 

29 

1 57-1/2 

1/2* 

28 

4 

Oct 

1420 

110.0 

TD 

E 

2 

173 

15-1/2* 

29 

4 

Oct 

1712 

113.0 

TD 

E 

3 

176 

3 

30 

4 

Oct 

1723 

95.0 

TD 

E 

4 

179 

3 

31 

5 

Oct 

1130 

120.0 

RU 

E 

2 

186-1/2 

7-1/2* 

32 

5 

Oct 

1  202 

125.0 

TO 

E 

4 

188 

1-1/2* 

33 

6 

Oct 

1215 

116.0 

TD 

E 

29 

211 

23 

34 

7 

Oct 

181  5 

116.0 

TD 

E 

28 

228 

17 

35 

10 

Nov 

-  - 

96.0 

TD 

E 

3 

239 

11 

36 

10 

Nov 

96.0 

TD 

E 

3 

241 

2 

37 

10 

1  =: 
O 

|  < 

96.0 

TO 

E 

4 

244  3 

‘When  tvo  tears  o^cur  during  one  landing  or  one  takeoff,  the  second  tear 


is  considered  as  0  sorties  between  tears.  If  one  tear  occurs  on  landing 
and  ancthe.*  on  takeoff,  the  second  tsar  is  considered  as  1/2  sortie  between 
t  ears . 


TD 

a 

Touc  hd  own 

2  Po  s  1 1 ion 

Panel 

31  sortie  ■  1  takeoff 

LR 

s 

Landing  Roll 

End 

1-5 

♦  1  landing.  or  1 

BR 

e 

Braking 

Center 

6-26 

landing  if  net 

ST 

- 

Steering 

End 

27-31 

accompanied  by  a 

RU 

= 

Engine  Runup 

takeoff. 

TR 

B 

Takeoff  Roll 

1/2  sortie  *  1  takeoff 
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Table  9 


Frequency  Distribution  of  T - 1 7  Membrane  Damage 


No.  of  Sorties 
Between  Damage 

Frequency 

Rel  atl  ve 
Frequency  (%) 

0 

4 

10.6 

1/2 

3 

7.9 

1 

5 

13.2 

1-1/2 

1 

2.6 

2 

2 

5.3 

3 

4 

10.6 

4 

3 

7.9 

5 

1 

2.6 

6 

2 

5.3 

7-1/2 

1 

2.6 

8 

1 

2.6 

9 

1 

2.6 

11 

2 

5.3 

15 

1 

2.6 

16 

1 

2.6 

17 

1 

2.6 

23 

1 

2.6 

23-1/2 

1 

2.6 

25 

2 

5.3 

44+ 

1 

2.6 

38 

00.0 
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RELATIVE  FREQUENCY  (S) 


Figure  3.  Frequency  distribution  of  sorties  between  damage  for 
T 1 7  membrane  at  Ft.  Campbell,  Ky. 
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(31) 


The  cumulative  distribution  function  Is 

F(S0)  -  e'MR  dx  »  1-e‘MR. 

The  function  F(S0)  gives  the  probability  that  a  damage  has 
occurred  in  So  sorties.  For  example,  the  probability  that 
damage  has  occurred  by  the  time  S0  equals  MR  sorties  Is 

F(MR)  *  1  -  e-1  *  0.632,  or  63.2  percent. 

48.  The  survivor  function. 

So 

F(S0)  -  1  -  F ( S o )  =  e"MR,  (32) 

gives  the  probability  that  no  ^rnage  has  occurred  In  S0 
sorties. 

s  o 

Let  p*F’(So)BeMR. 

Solving  for  S0,  we  have  (33) 

S0  -  f*(l/p)  x  MR. 

49.  By  using  an  Inspection  policy  of  S0  sorties  between 
Inspection  In  a  situation  where  the  mean  sorties  between 
damage  Is  MR,  the  probability  that  no  damage  has  occurred  In 
S0  sorties  Is  p.  Keeping  In  mind  the  risk  of  a  small  tear 
developing  Into  a  failure  (as  defined  In  the  QMR)  if  not 
repaired  Immediately,  a  conservative  policy  might  be  to 

set  p  -  0.9,  l.e.,  the  probability  that  no  damage  has 
occurred  since  the  last  inspection  Is  99  percent,  or 

S0  •  0.105MR.  (34) 

This  Inspection  policy  will  be  adopted  for  the  present  study 
with  the  following  restrictions.  In  practice,  S0  must  be 
equal  to  or  greater  than  1  sortie  per  Inspection,  with  a 
minimum  of  one  Inspection  per  day,  l.e., 

1  s.  S0  i  S.  (35) 

If  an  Inspection  Is  made  after  each  sortie,  the  probability 
of  no  damage  may  be  less  than  96  percent,  provided  that  QMR 
availability,  maintenance  effort,  and  service  life  are  met. 

50.  From  the  results  of  the  T-17  tests  under  the  C-130 
at  Fort  Campbell  (Ref.  2),  the  probability  of  r*o  damage 
after  each  sortie  was 

so  1 

p  .  e  MR  -  e  7 ®  ■  0.87,  or  87  percent. 
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Thus  an  Inspection  should  be  performed  after  each  sortie 
for  a  C-130  operating  on  T-17  covered  runways.  This  checks 
with  field  experience  In  Vietnam  (Ref.  6). 


Downtime  Per  Damage 

51.  By  combining  equations  28  and  33,  we  have 


Vx  N  x  £n(l/p)  *  (Tl  +  CxN  )J  MR  * 

Let  the  mean  downtime  per  damage  be  DD.  Then 
Dn 

°T  -S* 

where  -  TTniMTTFT  +  Tl  +  cTn* 


(36) 


(37) 

(38) 


MAINTENANCE  MAN-HOURS 

52.  The  following  assumptions  pertain  to  maintenance 
man-hours : 

a)  Maintenance  man-hours  are  counted  while  actually 
working  on  maintenance,  but  Include  time  to  get  to  job. 

b)  Maintenance  Includes  Inspection  and  membrane  repair 

only. 


c)  Membrane  damage  Is  repaired  Immediately  after  It 
Is  found. 

d)  Inspection  of  taxlways  and  parking  areas  Is  done  at 
least  once  per  24  hours. 

Runway  Inspection  Man-Hours 

53.  Mean  man-hours  per  sortie  for  runway  Inspection, 

MMHj ,  may  be  expressed  as  follows: 

HMHI  ■  (T’  *  »7n)  *  h x  c  *  "■ 
also  MMHI  -  +  D^x  CxN, 


(39) 

(40) 
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where  L,  V,  N,  S0f  Dj  are  defined  in  paragraph  43, 
and  T3  *  time  to  and  from  runway. 


Runway  Repair  Man-Hours 


54.  Mean  man-hours  per  sortie  for  runway  repairs  (MMH_)  Is 
calculated  as  follows:  R 

li 

MR’ 


MMHi 


also  MMH. 


{°R  '  RTT. 


x  C  x  N, 


(41) 

(42) 


where  T2,  DR,  and  MR  are  defined  In  paragraph  43. 


Non-Runway  Traffic  Area  Inspection  and  Repair 

55.  Mean  man-hours  per  sortie  for  Inspection  and  repair 
of  traffic  areas  other  than  runways,  NMHT,  Is  calculated 
as  follows: 

MMHt  >  -k-  x  x  C  x  N  +  — —  ,  (43) 

T  VxN  Si  MSBDt 

where  V,  N,  T2,  C  are  defined  In  paragraph  43. 

and  Lt  ■  distance.  In  feet,  traveled  during 

Inspection  of  taxiway,  warmup  and 
park  areas, 

MSBDt  *  mean  sorties  between  damage  to  membrane 
on  taxi,  warmup,  park  areas. 

Si  -  MSBDt  £n(l/p),  (44) 

where  5^  Is  number  of  sorties  per  Inspection  with  probability 
of  no  damage  equal  to  p  (Initially  p  ■  0.9),  provided  that 
a  minimum  of  on*  Inspection  per  day  Is  required,  l.e., 

1  <.  Si  s.  S. 


Total  Mai ntenance  Man-Hours 

56.  Mean  total  maintenance  man-hours  per  sortie,  MMH,  for 
a  given  membrane-surfaced  al  rflfcl  d/al  rcraft/load  Is  obtained 
as  follows: 

MMH  -  MMHj  ♦  MMHR  ♦  MMHT.  (45) 
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The  QMR  requires  that  total  maintenance  man-hours  must  not 
exceed  150  per  month.  The  average  number  of  sorties  per 
month  Is  given  as  200,  thus 

MMH  s.  “  0.75  man-hour/sortie. 

From  equations  39,  41,  43,  and  45, 

MMH  ■  [if  ♦  vT?  (sr ♦  sr) *  mV  (fo)] *  c  * N  (46) 

where  —  ■  —  +  — 1 —  ■  — 1 —  +  — 1 —  ♦  — 1 —  (47) 

MO  MR  MSBDt  MSBDb  MSBDC  MSBDt 

In  equation  46,  L  and  Lt  are  known  for  each  airfield  type.  V,  T2, 
and  T3  can  be  assigned  from  current  ex  peri  ence .  s0  s  /(MR),  and 
Si  *  /(MSBDt),  and  MMH  <.  0.75.  The  equation  then  relates 
the  unknowns  C,  N,  MO.  From  equations  40,  43,  45,  and  24, 

MMH  may  also  be  expressed  as 


MMH  -  ~  ♦  Dt]  X  C  x  N  ♦  MMHt.  (48) 

From  the  QMR  criteria  for  maintenance  man-hours  and 
avallabll Ity, 

HMIW)  ■  °-75  «9> 

0t(  max  )  "  0.24.  (  50) 


PLACEMENT  RATE 

57*  Placement  rate  may  be  expressed  In  terms  of  equivalent 
sorties.  Let 

PRE  ■  placement  rate  on  runway  ends  (sq  ft/man-hr) 
PRc  *  placement  rate  on  runway  center  (sq  ft/man-hr) 
PRt  ■  placement  rate  on  taxiway,  warmup  and  park 
area  (sq  ft/man-hr) 

Ae  ■  area  of  runway  ends  (sq  ft) 

Ac  ■  area  of  runway  center  (sq  ft) 

At  *  area  of  taxiway,  warmup,  park  (sq  ft) 

PC  «  number  of  men  per  crew 
N  -  number  of  crews  working  simultaneously 
S  -  average  number  of  sorties  per  day 
PRS  *  placement  rate  for  airfield  expressed  In  terns 
of  equivalent  sorties  (l.e. ,  the  normal  number 
of  sorties  which  could  have  been  made  during 
the  time  required  for  placement  of  membrane). 
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Ae  +  Ac  ^ 

h  ^-"1 

r  s  i 

_pre  prc 

prtJ 

24xPCxNJ 

A  typical  value  of  7  sorties  per  day  may  be  assigned  to  S 
(Ref.  1).  Airfield  areas  are  known  for  a  given  airfield 
and  from  paragraph  19-n  It  Is  recalled  that 

Ac  ■  2A£.  (52) 

From  current  experience  with  membrane  placement  (Ref.  2,3,7* 
8,9)  It  appears  that  the  placement  crew  should  consist  of 
one  or  two  Engineer  platoons  (about  35  men  each). 


58.  If  a  single  membrane  weight  Is  used  throughout  an 
airfield,  equation  51  reduces  to 

poc  B  AAx S _ 

PRex24xPCxN 

where  AA  ■  A„  +  A„  +  A„ 

E  C  T 

and  PRe  «  PRC  -  PRT. 


(53) 


59.  For  a  two-membrane  system  with  heavy  material  on  run¬ 
way  and  lighter  material  on  non-runway  areas,  equation  51 

PRS  a  [m +  fe]  [mxpcxn]  ( 

since  PRe  «  PRC. 


60.  For  a  two-membrane  system  with  heavy  material  on 
runway  ends  and  light  material  on  all  other  traffic  areas, 
equation  51  becomes 

■  [ftfe  *  **£]  [m]  < 

since  PRC  -  PRt. 


61.  The  QMR  gives  essential  and  desired  placement  rates 
and  weights  for  heavy,  medium,  and  light  duty  membranes. 

These  values  are  plotted  In  Fig.  4,  along  with  values 
obtained  by  actual  field  placement  of  several  membrane  types* 


*Airfield  construction,  except  for  that  related  directly  to 
membrane  placement  (e.g.,  anchor  ditches),  and  field  appli¬ 
cation  of  antiskid  compounds  are  not  included.  It  is 
assumed  that  factory-applied  antiskid  compounds  will  be  used. 


3G 
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(Ref.  2,3,9,10,11,12,14).  An  approximate  relationship 
between  placement  rate  and  membrane  weight  per  square  foot 
Is  given  by 

PR  -  50/WT2.  (56) 

By  substitution  of  equation  56  Into  equation  51  ,  52,  53, 

54,  and  55,  placement  rates  (In  equivalent  sorties)  may  be 
expressed  as  a  function  of  airfield  area  and  membrane 
weight,  for  a  given  S,  PC,  and  H. 

PRS  ■  [A,  X  WTe2  ♦  Ac  X  WTC2  ♦  At  x  “TT2]  [hiOOxPCTn]' 

(57) 


62.  Since  membrane  duty  classes  will  be  defined  In  terms 
of  membrane  strength  Instead  of  weight,  and  since  an 
optimum  family  of  membranes  may  not  correspond  to  the  heavy, 
medium,  and  light  duty  classes  proposed  In  the  QMR,  a  rule 
must  be  established  for  comparison  of  predicted  placement 
rates  with  QMR  placement  rates.  If  a  trial  membrane  system 
consists  of  a  single  membrane.  Its  placement  rate  will  be 
'.ompared  to  the  QMR  heavy  duty  placement  rate;  placement 
rates  for  a  two-membrane  system  will  be  compared  with  the 
QMR  heavy  and  light  duty  placement  rates;  and  for  a  three- 
membrane  system  the  comparison  Is  obvious. 


SERVICE  LIFE 


63.  The  service  life  of  a  membrane  on  a  given  airfield  is 
defined  as  the  number  of  sorties  required  to  cause  the 
total  area  of  membrane  of  that  type  used  for  repairing  to 
exceed  10  percent  of  the  airfield  traffic  area  covered  by 
membrane  of  that  type.  Let 


PA£  ■  average  amount  of  membrane  required  to 
repair  a  damage  on  runway  ends  (sq  ft) 

PAC  «  average  amount  of  membrane  required  to 

repair  a  damage  on  runway  centers  (sq  ft) 
PAt  -  average  amount  of  membrane  required  to 
repair  a  damage  on  taxiway,  warmup  and 
parking  areas  (sq  ft) 

SL£  *  service  life  of  runway  ends  (sorties) 

SLC  ■  service  life  of  runway  centers  (sorties) 

SL  ■  service  life  of  taxiway,  warmup  and  parking 
areas  (sorties) 

S  ■  average  number  of  sorties  per  day 
MSBD  defined  previously 

a  i 
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Then 


K 

p 


multiplier  to  determine  the  amount  of  membrane 
to  be  Initially  supplied  to  the  airfield  to 
repair  membranes  in  accordance  with  the  QMR; 

this  will  be  set  at  K  ■  0.1. 

p 

v  w  AExMSBDE 

P  pae 

(58) 

„  .  AnxHSB0c 

Kp  x  PAC 

(59) 

Y  x  AtxM SBDt 

P  PAt  * 

(60) 

(Note  that  Ac  ■  2Ae  from  par.  19.) 


64.  The  QMR  states  that  service  life  must  be  at  least  1200 
sorties  (=:  7  per  day  for  6  months),  thus 


SLg  >  SLQ,  SLC  >.  SLQ,  SLT  i  SLQ 
H5B",  >  ^41 

MSBDc 


MSBD„ 

T 


slqxpat 

KpXAip 


(61) 

(62) 

(63) 

(64) 


where 


SLQ  *  QMR  service  life  (Initially  set  at  1  200). 


65.  From  paragraph  25,  the  mean  sorties  between  damage 
may  be  expressed  as 


MSBD 


,  [NS l3 

m LnlJ  * 


(65) 


and  from  Fig.  5,  the  patch  area  per  damage  may  be  expressed 

pA  -  55  x  JJL.  (66) 

NS 


Thus , 


NS  > 

NT  ~ 


SLQx55 
7  x^xA 

p  m  J 


ni/4 


(67) 


where  A  Is  the  area  of  an  airfield  or  portion  of  an  air¬ 
field  to  be  surfaced  and  NS  Is  the  corresponding  membrane 
strength  required  for  the  QMR  service  life,  SLQ. 
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*  1/10  X  1 


NL/NS-  NOMINAL  WHEEL  LOAD/NOMINAL  STRENGTH 

Figure  5.  Relationship  of  patch  area  per  tear  and  load  to  strength  ratio. 
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EFFECTIVENESS 


66.  Membrane  effectiveness  Is  a  function  of  availability, 
placement  rate,  and  service  life  (see  par.  18).  Nominal 
tensile  strengths  for  membranes  will  be  selected  to  provide 
a  minimum  availability  of  93  percent  at  7  sorties  per  day, 
maximum  maintenance  effort  of  150  man-hours  per  200  sorties, 
and  minimum  service  life  of  1200  sorties  with  10  percent 
replacement  parts  as  required  by  the  QMR.  Placement  rate 
will  be  dependent  upon  the  membrane  weight  corresponding  to 
the  minimum  tensile  strength  required  (see  par.  57). 


Avail abi 1 1 ty 

67.  The  primary  measure  of  effectiveness  Is  the  average 
24-hour  availability  which  will  be  assigned  a  weight  of 
70  percent. 

68.  Availability  greater  than  93  percent  for  7  sorties  per 
24  hours  may  be  expressed  as  sorties  per  day  which  can  be 
supported  at  93  percent  availability,  l.e., 

ss  *  ['  -  Tift]  (68) 

where  DT  3  mean  downtime  per  sortie  (see  eq.  28) 

AQ  3  QMR  availability  (93  percent) 

SS  3  mean  sorties  per  day. 

While  modest  Increases  In  availability  above  the  minimum 
93  percent  appear  to  be  desirable  (e.g.,  to  accommodate 
unexpected  peaks  In  traffic  volume).  It  does  not  seem 
appropriate  to  assign  unlimited  effectiveness  to  Increased 
availability  If  the  QMR  value  Is  at  all  realistic.  Thus, 
availability  of  7  sorties  at  93  percent  will  be  credited 
with  an  effectiveness  of  1.0  while  excess  availability  will 
be  credited  at  a  decreasing  rate  to  a  maximum  effectiveness 
of  2.0  according  to  the  fol'owlng  formula: 

eav  *  2  [l-2~]  for  SS  >  S  (69) 

where  S  3  QMR  sorties  per  day  (7)  at  93  percent 

a  v  a  1 1  a  b  1 1 1  ty 

SS  3  sorties  attainable  at  93  percent  aval  1  - 
-  b 11 1 ty 

Eav  =  availability  component  of  effectiveness. 

Availability  less  than  that  required  by  the  QMR  will  be 
charged  off  as  a  linear  ratio,  l.e., 

Eav  '  T-  for  ss  -  s*  (70) 
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EFFECTIVENESS 


66.  Membrane  effectiveness  is  a  function  of  availability, 
placement  rate,  and  service  life  (see  par.  18).  Nominal 
tensile  strengths  for  membranes  will  be  selected  to  provide 
a  minimum  availability  of  93  percent  at  7  sorties  per  day, 
maximum  maintenance  effort  of  150  man-nours  per  200  sorties, 
and  minimum  service  life  of  1200  sorties  with  10  percent 
replacement  parts  as  required  by  the  QMR.  Placement  rate 
will  be  dependent  upon  the  membrane  weight  corresponding  to 
the  minimum  tensile  strength  required  (see  p?«r.  57). 


Avail  abl  1 1  ty 

67.  The  primary  measure  of  effectiveness  is  the  average 
24-hour  availability  which  will  be  assigned  a  weight  of 
70  percent. 


68.  Availability  greater  than  93  percent  for  7  sorties  per 
24  hours  may  be  expressed  as  sorties  per  day  which  can  be 
supported  at  93  percent  availability,  l.e.. 


SS  - 


24  h  AQ  1 

^  V  ■  Too] 


(68) 


where  0T  *  mean  downtime  per  sortie  (see  eq.  28) 

AQ  3  QMR  availability  (93  percent) 

SS  *  mean  sorties  per  day. 

While  modest  Increases  In  availability  above  the  minimum 
93  percent  appear  to  be  desirable  (e.g.,  to  accommodate 
unexpected  peaks  In  traffic  volume),  It  does  not  seem 
appropr.ate  to  assign  unlimited  effectiveness  to  Increased 
availability  If  the  QMR  value  Is  at  all  realistic.  Thus 

availability  of  7  sorties  at  93  percent  will  be  credited 

with  an  effectiveness  of  1.0  while  excess  availability  will 
be  credited  at  a  decreasing  rate  to  a  maximum  effectiveness 
of  2.0  according  to  the  following  formula: 

EAv  ■  2  [l-2~]  for  SS  >  S  (69) 

where  S  *  QMR  sorties  per  day  (7)  at  93  percent 

aval  1 abl 1 1 ty 

SS  =  sorties  attainable  at  93  percent  avail¬ 
ability 

Eav  =  availability  component  of  effectiveness. 

Availability  less  than  that  required  by  the  QMR  will  be 
charged  off  as  a  linear  ratio,  l.e., 

Eav  ■  ^  for  SS  <  S.  (70) 
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Placement  Rate 


69.  Placement  rate  will  be  weighted  20  percent. 


70,  Time  required  for  placement  of  membrane  will  be 
converted  to  sorties  lost  at  the  rate  of  7  per  day.  From 
equation  51,  placement  rate  In  terms  of  total  sorties  lost 
Is: 

PRS  .  r*i— ♦  *£.♦  !l_l  — .  (71) 

LPRe  PRc  PRtJ  24xPCx  N 

The  permissible  number  of  sorties  lost  based  on  QMR  place¬ 
ment  rates  mjy  be  calculated  as  follows: 


PRSQ 


Ae  +  Ac  4  At  1  s 
PRQe'  PRQc  PRQt  24xPCxtT 


(72) 


71,  Placement  rates  above  and  below  the  QMR  rates  will 
be  charged  off  as  a  linear  ratio,  l.e., 


E 


PR 


PRSQ 
PRS  ‘ 


(73) 


Service  Life 


72. 

73. 
may 


Service  life  will  be  weighted  10  percent. 

From  equations  58,  59,  60,  65,  and  66,  service  life 
be  calculated  as  follows: 


(74) 


SLc 

slt 


3 ,4xAc 
T57“ 


x 


27.2xAt 


55. 


x 


4 


(75) 

(76) 


Since  the  effectiveness  of  the  membrane  system  is  desired 
the  average  service  life  for  the  airfield  will  be  used, 
l.e. , 

SL  »  SLE+SLC  +  SLt 


(77) 
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74,  Since  the  QMR  service  life  for  membrane  Is  greater  than 
anticipated  airfield  service  life  In  all  cases  (except 
heliports),  there  Is  no  appreciable  gain  from  having 
Increased  service  life,  except  higher  recovery  value  or 
lower  cost.  The  recovery  value  Is  accounted  for  In  the  cost 
model.  Thus,  the  maximum  effectiveness  due  to  service  life 
will  be  limited  to  1.0,  l.e., 

Esl-1.°.  (78) 


75,  Service  life  less  than  the  QMR  value  will  be  charged 
off  as  a  linear  ratio,  l.e.. 


E 


SL 


SL 

SLQ 


(79) 


A  Model  for  Effectiveness 


78,  The  three  components  of  effectiveness,  which  are 
basically  Incommensurable,  have  been  placed  on  a  comparable 
basis  by  converting  availability  and  placement  rate  to 
equivalent  sorties  (service  life  Is  expressed  In  sorties). 
Since  different  orders  of  magnitude  are  Involved  (e.g., 
availability  should  be  of  the  order  of  10  sorties,  placement 
rate  may  approach  100,  and  service  life  will  be  over  1000), 
each  component  has  been  normalized  by  dividing  by  the 
corresponding  QMR  value.  Finally,  an  Importance  value 
(weighting  factor)  has  been  assigned  to  each  component. 
Thus,  the  overall  effectiveness  of  a  membrane  system  on  a 
given  airfield  Is  given  by: 


WavxEav  ♦  WprxEpr  ♦  WslxEsl 

Way  WpR  V  kSL 


(80) 


where 


WAV  "  weighting  factor  for  availability  ■  7 

WPR  ■  weighting  factor  for  placement  rate  ■  2 

WSL  ■  weighting  factor  for  service  life  ■  1 

Eav  Is  defined  In  equation  69  or  70 

EPR  Is  defined  In  equation  73 

Esl  Is  defined  In  equation  78  or  79. 


The  constraints  Indicated  by  equations  69  and  70,  and  78  and 
79  must  be  taken  Into  account  when  applying  equation  80. 

When  each  component  of  effectiveness  Is  equal  to  Its 
corresponding  QMR  value,  the  overall  effectiveness  of  the 
system  will  be  equal  to  1.0.  Because  of  the  constraints 
discussed  above,  maximum  effectiveness  will  be  approximately 
2.0,  depending  on  the  contribution  from  placement  rate. 
Minimum  effectiveness  could  theoretically  be  zero,  although 
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designing  for  QMR  availability  and 
minimum  effectiveness  to  about  0.8 
placement  rates. 


service  life  will  limit 
to  0.9,  depending  on 


THEATER  OK  OPERATIONS  MODEL 

77,  A  model  of  a  theater  of  operations  Is  needed  to  define 
the  requirements  for  membrane  duty  classes  lit  terms  of 
planned  use,  to  define  the  required  quantities  of  each, 
and  to  define  membrane  transportation  distances. 


78,  After  consultations  with  USACDC,  data  were  assembled 
f**om  various  sources  for  five  different  theaters  of 
operation  corresponding  to  the  five  theater  scenarios 
currently  being  considered  by  USACDC.  These  data  are 
presented  In  Tabl  e  10. 


79.  The  temperature  and  elevation  data  In  Table  10  were 
used  to  adjust  the  sea-level  dimensions  for  airfields  as 
described  In  TM  5-366  (Ref.  7).  The  adjustment  formula  Is: 


L 


adj 


L  X  [l  + 


T-59]  E-100Q] 

300  JL  10000  J 


where  Ladj  -  adjusted  length  of  runway  or  taxiway 

L  *  sea-level  length  of  runway  or  taxiway 
T  ■  mean  max  temperature  of  warmest  month 
( 0° F ) ;  If  less  than  59°F,  use  59* 

E  ■  elevation  of  airfield  above  sea  level 
(ft);  If  less  than  1000  ft,  use  1000. 

No  adjustments  were  made  to  warmup  aprons,  parking  areas, 
or  helipads.  Sea-level  dimensions  and  adjusted  areas  of 
airfields  and  heliports  are  given  In  Table  11.  All  areas 
have  been  Increased  by  12-1/2  percent  to  permit  anchoring 
and  joining. 


80.  Additional  airfield  data  on  anticipated  airfield  life, 
critical  aircraft  ar.d  wheel  loading,  and  surfacing  policy 
are  presented  In  Table  12  (Ref.  7,8,21,22). 


81,  Distances  were  determined  for  both  air  and  surface  mode 
of  transportation.  Three  different  points  of  origin  --  the 
factory  locations  of  three  major  suppliers  of  membrane  -- 
were  considered.  Air  and  land  distances  are  In  statute 
miles  while  sea  distances  are  In  nautical  miles.  For  the 
surface  mode.  In  cases  where  C0MMZ  was  not  accessible  by 
ship,  transportation  from  the  nearest  friendly  seaport  to 
C0MMZ  was  considered  to  be  by  air. 
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Table  10 

Theater  Scenario  Data 


h- - 

Theater  Identification  No. 

1 

2 

3 

4 

5 

| - 

Mean  Max  Temp.  Warmest  Month  (0°F) 

67 

H 

85 

85 

52 

Mean  Elevation  of  Airfields  (ft) 

1 

1  10 

1000 

7 

4000 

1  2000 

i - 

Areal  Extent  of  Theater 

L  engt  h  (mi ) 

400 

100 

75 

65 

1 

70 

Width  (ml ) 

i 

250 

40 

75 

65 

70 

Number  of  Airfields 

Battle  Arec  Medium  Lift  (BAML) 

0 

0 

4 

0 

0 

i  Forward  Area  Medium  Lift  (FAML) 

12 

6 

3 

4 

3 

Support  Area  Medium  Lift  (SAML) 

3 

2 

1 

i 

1 

Rear  Area  Heavy  Lift  (RAHL) 

6 

4 

1 

2 

1  1 

Rear  Area  Tactical  (RAT) 

3 

2 

1 

2 

1 

Number  of  Heliports 

Forward  Area  CH-47  (FAII) 

47 

39 

13 

56 

13  j 

_  .  J 

^Membrane  Shipping  Distances  (mi) 

Origin  1  to  CONUS  Port  by  Air 

1180 

1700 

1700 

1180 

300 

Origin  1  to  CONUS  Port  by  Truck 

1410 

2040 

2040 

1410 

330 

Origin  2  to  CONUS  Port  by  Air 

3  50 

2440 

2440 

3  50 

870  j 

Origin  2  to  CONUS  Port  by  Truck 

470 

2980 

2980 

470 

900 

Origin  3  to  CONUo  Port  by  Air 

590 

2000 

2000 

590 

810 

Origin  3  tc  CONUS  Port  by  Truck 

710 

2330 

2330 

710 

930  ! 

t 

CONUS  to  COMMZ  by  Air 

4000 

5850 

8400 

6300 

4450 

CONUS  to  COMMZ  -1st  leg  by  Ship* 

3650 

5700 

7  550 

5000 

1450 

CONUS  to  COMMZ  -  2nd  leg  by  Air 

0 

0 

0 

13  00 

2000 

Nautical  miles 


Airfield 

rosltlon 


Table  11 

Membrane  Requirements  for  Airfields 


Sea-Level  Dimensions  (ft)  for  Airfield  Traffic  Areas 


Ru  nway 

Taxi  way 
r/armup 
Park!  nq 

1 200x300 

2000x60 

2000x30 

432x94 

2500x60 

2500x30 

432x94 

600x150 

— 

3500x60 
3500x36 
432x94 
2400x1 56 

>■  ■  ■ 

10000x1 56 

1 0000x60 
1000x94 
1740x960 

POOOxl 08 
8000x60 

1 000x94 

1 236x444 

— 

— 

v.  =  =i 

j  Airfield 
Theater  ,  Position 


Area  of  Membrane  Required  ( sq  ft) 


405,000 


173,250 

242  ,550 

1  ,801  ,800 

- 1 

997 ,920 

86,630 

145,530 

693,000 

554,400  ! 

45,680 

45,680 

105,750 

105,750  | 

101 ,250 

421  ,200 

1  ,879,200 

617,380  1 

4  06,810 

854, 960 

4,47  9,  7  50 

S,S7S,4lO  j 

Table  12 

Airfield  Service  Data 


1 - 

1 

Type  of 
]  Field1 

Antic  1  pated 
Service  Life 

Daye  j Sorties2 

Surfaci ng 

Critical 
Ai rc  raf t 

Gross 

Weight 

(lb) 

Tire 

Width 

( i  n ) 

No. 

T 1  res3 

Nominal  1 
T  ens 1 1 e  ! 
Load1* 

(Ib/in)  j 

AIRFIELD 

■■ 

BAML 

3 

21 

none 

C-123 

48,000 

15.1 

2 

FAMl 

14 

98 

membra  ne 

C  - 1  3  0 

110,000 

17.5 

4 

KB 

SAML 

60 

420 

membrane 

C-5A 

769,000 

14.5 

24 

1110 

RAHL 

365 

13,140 

mat/mem- 

C-141 

318,000 

13.7 

8 

1450 

brane 

RAT 

365 

13,140 

mat/mem- 

F  - 1 0 1 

52,000 

7.9 

2 

1650 

brane 

HELIPORT 

ns 

mm 

FAH 

90 

5,400 

membrane 

UH-1D 

9,500 

m 

B 

1  58  5 

*Stt  Table-  10  for  airfield  abbreviations. 

Anticipated  service  life  in  sorties  is  based  on  7  sorties  per 
day  except  for  oat-covered  fields  which  have  36  per  day,  and 
heliports  which  have  60  per  day  (based  on  UH-1D  helicopter 
company  with  80j  availability). 

3Main  gear  only. 

''For  coefficient  of  friction  *  0.5. 
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82.  Average  Intratheater  air  distances  (from  COMMZ  to  a 
particular  airfield)  were  calculated  from  theater  length 
(Table  10)  In  the  following  manner: 

a)  COMMZ  to  Battle  Area  »  theater  length 

b)  COMMZ  to  Forward  Area  ■  3/4  theater  length 

c)  COMMZ  to  Support  Area  ■  1/2  theater  length 

d)  COMMZ  (Rear  Area)  *  1/4  theater  length. 

Trucking  distances  were  obtained  by  multiplying  air 
dl  stances  by  1 .25. 

83.  The  decision  to  use  membrane*  mat  over  membrane*  or  no 
surfacing  at  all*  was  based  on  the  anticipated  life  of  the 
field.  Battle  area  airfields  with  a  3-da>  life  were  left 
bare*  forward  area  (2-week)  and  support  area  (2-month) 
airfields  and  forward  area  (3-month)  heliports  were 
considered  to  be  membrane  covered,  and  rear  area  heavy  lift 
and  tactical  fields  with  a  1-year  life  expectancy  were 
assumed  to  be  surfaced  with  mat  over  membrane. 

84.  it  Is  anticipated  that  a  nix  of  CH-47  and  UH-1D  air¬ 
craft  will  be  using  the  forward  area  heliports.  Therefore, 
the  areal  dimensions  are  based  on  the  larger  CH-47  and  the 
applied  loads  are  based  on  the  aggressive  skids  of  the 
UH-10. 


COST  MODEL 
Assumptions 

85.  The  following  assumptions  regarding  the  cost  model  were 
made: 

a)  The  total  of  R&D  plus  product  Improvement  costs 
will  be  basically  Insensitive  to  the  number  of  categories 
of  membrane  finally  selected;  l.e.,  this  cost  Is  common  to 
all  candidates  and  may  be  neglected. 

b)  Treat  supplementary  equipment  and  supplies 
(adhesive*  anchors,  patches,  etc.)  as  percentage  of  membrane 
weight  and  percentage  of  membrane  cost,  based  on  current 
experl  ence. 

c)  Use  theater  models  to  establish  relative  amounts 
of  heavy,  medium,  and  light,  or  heavy  and  light,  or  heavy 
membrane,  and  shipping  distances  from  origin  to  CONUS  port, 
CONUS  to  COMMZ,  and  COMMZ  to  field. 
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d)  Assume  all  airfields  required  by  theater  model  are 
one-year  requirement,  and  charge  all  costs  to  first  year. 

e)  Shipping  costs  In  $/ton-m11e  for  overseas  air,  ship. 
Intrazone  air  and  truck,  will  be  based  on  current  planning 
rates. 

Basic  Life-Cycle  Cost  Elements 

86.  The  following  cost  elements  were  considered  during  the 
life  cycle  of  a  membrane: 

a)  Initial  membrane  costs  per  square  foot  (Including 
factory-applied  antiskid). 

b)  Supplementary  equipment  and  supplies,  and 
packaging. 

c)  Transportatl on  cos ts: 

1.  Origin  to  CONUS  port  (consider  three  points  of 
origin)  by  al  r  or  truck 

2.  CONUS  to  COMMZ  by  air  or  by  sea  plus  air  if 
necessary 

3.  Intra*heater  by  air  or  truck. 

d)  Placement  costs:  men,  equipment. 

e)  Maintenance  costs:  men,  equipment.  Assume 
sufficient  maintenance  supplies  are  'ncluded  In  Initial 
shipment  (If  airfield  life  Is  less  than  anticipated  membrane 
service  life). 

f)  Residual  value  computed  at  COMMZ  (equal  to  cost  new 
at  COMMZ  of  same  amount  of  material  recovered,  less  recovery 
cost,  less  retroshlpment  costs)  will  be  credited  to  total 
airfield  costs.  Approximately  90  percent  of  the  membrane 
will  be  recovered.  Multiple  recovery  effects  will  be 
Ignored. 

g)  Costs  will  be  presented  as  initial,  shipping, 
emplacement,  recovery,  retroshlpment ,  residual,  maintenance, 
and  total  cost,  by  airfield  type,  theater,  and  overall. 

h)  Maintenance  and  equipment  requirements  and  shipping 
tonnages  will  be  presented  separately  by  airfield  type, 
theater,  and  overall. 

1)  R&D  costs  will  not  be  Included,  but  will  be 
considered  as  common  sunk  and/or  product  development  costs. 

j)  Storage  costs  at  depots  are  considered  to  be 
small  and  will  not  be  Included. 
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Initial  Cost 

87,  Membrane  cost  per  square  foot  was  established  for  three 
neoprene-coatcd  nylon  fabrics,  T-16,  T-17,  and  WX-18  (see 
Appendix  D),  from  an  assortment  of  data  representing  various 
manufacturers  and  various  quantities  (from  100,000  to 
6,000,000  square  feet).  Individual  prices  varied  as  much  as 
10  percent  above  and  below  the  selected  values.  Using  the 
wholesale  consumer  price  Index  (Fig.  6),  the  following 
formula  was  derived  for  projecting  the  cost  figures  to 

1  975: 

C75  -  Cy  x  [1.0  ♦  0.0081  x  (1975-y)] 

where  C75  ■  cost  In  1975 

Cy  -  cost  In  year  y 

y  a  year  for  which  cost  was  available. 

Projected  costs  were  plotted  as  a  function  of  membrane 
weight  In  Figure  7,  for  which  the  following  relationship 
appears  to  be  appropriate: 

Cl  -  2.0  x  WT  (81) 

where  Cl  ■  Initial  cost  of  membrane  FOB  factory, 

1975  (S/sq  ft) 

WT  *  membrane  weight  (lb/sq  ft). 

88.  The  cost  of  accessories  (adhesives,  anchors,  appli¬ 
cators,  etc.)  add  approximately  10  percent  to  the  Initial 
cost.  It  Is  assumed  that  all  membrane  for  traffic  areas 
will  be  purchased  with  factory-applied  antiskid  compound, 
which  adds  about  10  cents  per  square  foot  to  the  Initial 
cost.  Thus  the  Initial  cost  of  membrane  and  accessories 
may  be  computed  by 

Cl  -  2.2  x  WT  ♦  .10.  (82) 


Mai ntenance 


>1 1  es 


Sufficient  membrane  maintenance  supplies  were  Included 
In  the  Initial  shipment  to  last  for  the  anticipated  life  of 
a  given  field  (Table  12)  based  on  the  anticipated  service 
life  (Table  12)  of  the  membrane  on  that  field.  Equation  82 
then  becomes 

CxT  -  [2.2  WT  ♦  0.l][l  +  0-1  A  (83) 
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Figure  6.  Purchasing  power  of  the  dollar  (Wholesale 
Prices  -  Source:  U.  S.  Department  of 
Labor.  Bureau  of  Labor  Statistics). 


where 


CIT 


3  total  Initial  cost  of  membrane, 

accessories,  and  maintenance  supplies  ($) 
WT  ■  membrane  weight  (lb/sq  ft) 

ST  -  anticipated  life  of  airfield  (sorties) 

SL  ■  anticipated  service  life  (sorties) 

A  *  membrane  area  (sq  ft). 


Transportation  Costs 

90.  Standard  planning  rates  for  shipments  by  truck,  sea, 
and  air  were  provided  by  WES.  These  data  were  applied  to 
each  theater  as  shown  in  Table  13. 

91.  For  air  shipment  from  the  factory  to  the  field, 

CSTA  3  (COPAxDOPA  +  CCCAxOCCA  +  CCFAxDCFA)  x  TON  (84) 

where  CSTA  ■  total  shipping  cost  by  air 

COPA  ■  cost  per  ton-mile  from  origin  to 
CONUS  port 

CCCA  »  cost  per  ton-mile  from  CONUS  to  COMMZ 
CCFA  *  cost  per  ton-mile  from  COMMZ  to  field 
DOPA  3  air  distance  from  origin  to  CONUS  port 
OCCA  -  air  distance  from  CONUS  to  COMMZ 
OCFA  ■  air  distance  from  COMMZ  to  field 
TON  ■  total  tonnage  of  membrane  and 

accessories  for  a  given  airfield. 

92.  For  surface  shipment, 

CSTS  -  (COPSxOOPS  ♦  CCCSxDCCS  +  CCCAxDCCSA 

+  CCFSxOCFS)  x  TON  (85) 

■  total  shipping  cost  by  surface  mode 
(truck  and  ship) 

■  cost  per  ton-mile  from  origin  to 
CONUS  port 

■  cost  per  ton-mile  from  CONUS  to  COMMZ 

■  cost  per  ton-mile  from  CONUS  to  COMMZ 
by  air  when  necessary 

3  cost  per  ton-mile  from  COMMZ  to  field 

■  truck  distance  from  origin  to  CONUS 
port 

■  ship  distance  from  CONUS  to  COMMZ  port 

■  air  distance  from  COMMZ  port  to  COMMZ 
when  necessary 

■  truck  distance  from  COMMZ  to  field 
3  def  1  ned  above. 


where  CSTS 

COPS 

CCCS 

CCCA 

CCFS 

DOPS 

DCCS 

OCCSA 

DCFS 

TON 
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Table  13 

Transportation  Costs 


Transportation  Cost  by  Theater  ($/ton-m11 e) 


f 

1 _ 

1 

2 

3 

4 

5 

CbNOS 

- 

true  k 

0.047 

0.047 

0.047 

0.047 

0.047 

CONUS 

- 

a  i  r 

0.195 

0.195 

0.195 

0.195 

0.195 

CONUS 

to 

COMMZ 

-  ship 

0.0049 

0.0037 

0.0037 

0.0049 

0.0042 

CONUS 

to 

COMMZ 

-  air 

0.051 

0.086 

0.086 

0.051 

0.070 

C0I1MZ 

to 

field 

-  truck 

0.047 

0.047 

0.047 

0.047 

0.047 

COMMZ 

to 

field 

-  air 

0.195 

0.195 

0.195 

0.195 

0.195 
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PI  acement  Cost 


93.  Manpower  cost  Is  obtained  by  multiplying  placement 
man-hours  by  cost  per  man-hour.  Placement  man-hours  are 
determined  by  dividing  membrane  area  by  placemen*  "ate 
(par.  57).  For  this  computation,  it  was  assumed  chat  the 
placement  crew  would  consist  of  military  personnel  In  E4-E6 
grades.  The  average  planning  cost  per  man-hour  In  these 
pay  grades  for  an  overseas  theater  of  operations  Is  about 
$3.20  (Ref.  13).  (This  figure  apparently  represents  direct 
labor  and  excludes  overhead  suon  as  food  and  quarters.) 

94.  Minimum  equipment  required  for  emplacing  prefabricated 
membrane  surfacing  on  an  airfield  Includes  a  motor  grader  to 
open  and  close  anchor  ditches,  and  a  2-1/2  or  5  ton  truck 

to  transport  membrane  and  supplies  around  the  airfield 
(Ref.  7,8).*  From  current  experience  with  membrane  place¬ 
ment  (Ref.  9,10),  a  relationship  was  established  between 
equipment  hours  and  membrane  area  (Fig.  8).  The  cost  per 
equipment  hour  Is  estimated  as  $15.00. 


95.  Total  placement  cost  may  be  expressed  as  the  sum  of 
manpower  and  equipment  operating  costs: 


CP  *  3  20  x  ^xW^2  +  1 c  00  x  -  x  T  A  1 
ck  j.ku  x  5Q  k.uu  x  4Q  x  [100QJ 

or 

CP  -  0.064  x  A  x  WT2  +  0.375  [10AQ0]3/2 

(06) 

where 

CP  -  total  placement  cost  ($) 

A  «  membrane  area  (so  ft) 

WT  *  membrane  weight  (Ib/sq  ft). 

Maintenance  Cost 


96.  Maintenance  man-hours  per  sortie  are  calculated  as 
described  In  paragraph  56.  Equipment  hours  per  sortie  are 
equal  to  maintenance  man-hours  per  sortie  divided  by  crew 
size.  The  cost  per  man-hour  Is  $3.20  (Ref.  13)and  the  cost 
per  equipment  hour  for  Inspection  and  repairs  Is  estimated 
as  $5.00.  Thus,  total  maintenance  cost  per  sortie  Is 


Depending  on  the  type  of  construction  unit  and  location, 
other  types  of  equipment  may  be  used.  For  example,  the  8th 
Engineer  Battalion  of  the  1st  Cavalry  Division  in  Vietnam 
used  bulldozers,  scrapers,  loaders,  and  1-ton  dump  truck! 
(Ref.  20). 
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EQH  -  F.QUJPyENT  HOURS  DURING  PLACEMENT  OR  RECOVERY 
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Figure  8.  Equipment  hours  as  a  function  of  membrane  area. 
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(87) 


where  C  ■  maintenance  cost  per  sortie  for  men  and 

equl pment 
C  -  crew  size 

N  ■  number  of  crews  working  simultaneously. 

The  cost  of  membrane  maintenance  supplies  Is  includea  In 
the  Initial  cost  for  each  field. 


Recovery  Cost 


97.  8ased  on  recovery  rates  achieved  for  T - 1 7  (Ref.  2)  and 
WX-18  (Ref.  3),  recovery  rate  may  be  expressed  as  a  function 
of  membrane  weight  (Fig.  9).  Equipment  hours  required  for 
recovery  are  approximately  equal  to  those  required  for 
placement.  Approximately  90  percent  of  the  emplaced  membrane 
will  be  recovered  In  reusable  condition.  Including  the 
patched  areas.  Total  recovery  cost  Is  given  by  the 
following  equation: 


CR  *  3.20  x  0.9  x 


Ax  WT  7 


+  15.00  x 


,L  *  f 

4  0  ( 


A 

1000 


0.0384  x  A  x  WT7  /8  +  0.37  5  [j^~] 


where  CR  ■  recovery  cost  ($) 

A  =  membrane  area  (so  ft) 

WT  a  membrane  weight  (lb/sq  ft). 


Recovered  Value 

98.  The  value  of  the  membrane  recovered  and  returned  to 
C0MMZ  Is  equal  to  the  cost  of  the  same  amount  of  new 
material  at  C0MMZ  less  recovery  and  retroshlpment  costs. 

Thus,  from  equation  82,  the  Initial  value  of  the  recovered 
membrane  Is 

CIR  »  0. 9  x  A  x  (2.2  x  WT  +  0.1).  (89) 

Shipping  costs  from  origin  to  C0MMZ  by  air  (from  cq .  84) 
are: 

CSACR  ■  (C0PA  x  DOPA  +  CCCA  x  DCCA )  x  TON  x  0.9,  (90) 

and  by  surface  mode  (from  eq.  85): 

CSSCR  ■  (COPS  x  OOPS  +  CCCS  x  DCCS  ♦  CCCA  x  DCCSA) 

x  TON  x  0.9.  (91) 
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The  cost  of  retroshlpment  from  the  field  back  to  COMMZ  by 

.  t  *  >  <  (  •  * 


air  (from  eq.  84)  Is: 

C SAB  »  CCFA  x  DCFA  x  TON  x  0.9;  (92) 

and  by  truck  (from  eq.  85), 

CSSB  ■  CCFS  x  DCFS  x  TON  x  0.9.  (93) 

The  net  recovered  value  by  air  (from  eq.  88,89,90,92)  Is 

RVA  -  CIR  +  CSACR  -  CR  -  CSAB,  (94) 

and  by  surface  mode, 

RVS  -  CIR  +  CSSCR  -  CR  -  CSSB.  (95) 

Total  Fixed  Cost 


99.  From  equations  83,  84,  85,  86,  94,  and  95,  the  total 
fixed  cost  per  airfield  may  be  calculated  as  follows: 

CFA  -  CIT  ♦  CSTA  ♦  CP  -  RVA  by  air  (96) 

CFS  ■  CIT  ♦  C ST S  ♦  CP  -  RVS  by  surface.  (97) 

Total  Membrane-Related  Cost  Per  Field 

100.  By  multiplying  equation  87  by  the  number  of  sorties 
expected  during  the  life  of  the  field  to  obtain  the  total 
maintenance  cost,  and  adding  this  to  equations  96  and  97, 
the  total  cost  of  a  membrane-covered  field  Is: 

CTA  -  CFA  ♦  CM  x  ST  by  air  (98) 

CTS  ■  CFS  ♦  CM  x  ST  by  surface.  (99) 


A  Caveat 

101.  Since  the  purpose  of  the  study  Is  to  provide  a  basis 
for  deciding  whether  to  develop  a  family  of  membranes  or  a 
single  membrane.  It  appears  that  relative  costs  of  various 
systems  are  more  Important  than  absolute  (osts.  Accordingly, 
no  attempt  has  been  made  to  develop  a  highly  accurate  cost 
mode'i.  However,  all  significant  costs  have  been  considered 
and  treated  systematically  so  that  relative  costs  should  be 
rel  1  abl  e. 
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COST  EFFECTIVENESS 


102.  The  total  cost  of  a  membrane  system  on  a  given  air¬ 
field  Is,  by  itself,  a  measure  of  effectiveness,  since  the 
system  has  been  designed  for  the  minimum  acceptable  level 
of  effectiveness,  based  on  the  QMR.  The  system  which  gives 
an  effectiveness  of  1.0  for  the  least  cost  should  be  the 
most  desirable.  However,  In  cases  where  several  different 
systems  have  equal  or  nearly  equal  costs,  a  discriminator 
Is  needed. 

103.  A  cost  effectiveness  ratio  may  be  obtained  by  dividing 
total  cost  (par.  100)  by  the  effectiveness  (par.  76).  This 
will  produce  a  total  cost,  adjusted  for  effectiveness 
greater  or  less  than  1.0,  for  a  given  membrane  system  on  a 
given  airfield. 

104.  For  each  theater  an  average  cost  effectiveness  may  be 
computed  by  weighting  the  cost  effectiveness  of  each  air¬ 
field  according  to  the  number  of  fields  of  that  type  In  the 
theater.  An  overall  average  for  all  theaters  may  be 
obtained  In  the  same  manner. 


COMPUTER  PROGRAMS 

105.  Computer  programs  developed  during  this  study  are 
Included  In  Appendix  B.  All  programs  are  written  In 
FORTRAN  IV  language  and  have  been  compiled  and  executed  on 
an  IBM  1130  computer  with  8K  core  and  500K  disk  storage. 

It  should  be  noted  that  these  programs  were  written  for  the 
specific  job  at  hand  and,  while  they  can  be  modified  or 
extended  to  explore  different  aspects  of  the  same  problem, 
they  are  not  designed  as  general  purpose  programs  for  either 
cost  effectiveness  studies  or  airfield  surfacing  studies. 

106.  Minimum  membrane  strength  and  area  requirements  were 
determined  by  program  JB183  and  subroutines  AFDAT  and  CALI, 
as  follows: 

a)  JB183  Is  the  main  program  which  reads  Input  data 
from  cards,  and  calls  subroutines  as  necessary. 

b)  The  AFDAT  subroutine  adjusts  sea-level  airfield 
dimensions  for  the  elevation  and  temperature  of  a  given 
theater  and  computes  membrane  areas  required  to  surface 
those  portions  of  the  airfield  subjected  to  traffic,  l.e., 
runway  ends,  runway  centers,  and  taxi-park.  Also,  the 
distances  traveled  during  membrane  Inspection  are  computed. 
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c)  Subroutine  CALI  computes  the  minimum  membrane 
strengths  required  to  satisfy  QMR  availability,  maintenance 
effort,  and  service  life,  using  a  one-,  two-,  or  three- 
membrane  system.  Inspection  frequencies  and  the  probability 
of  no  damage  between  Inspections  are  determined.  Membrane 
strengths,  weights,  and  performance  data  are  printed  and 
stored . 

107*  Membrane  duty  classes  are  defined  by  the  program  called 
CLASS,  as  outlined  In  paragraph  39. 

1 08.  Membrane  effectiveness,  cost,  and  cost  effectiveness 
are  computed  by  program  MAINl  and  subroutines  ISSUE,  NSPEC , 
EFFECT,  and  COST,  as  follows: 

a)  The  MAINl  program  reads  Input  data  from  cards, 
calls  subroutines,  and  prints  results. 

b)  Subroutine  ISSUE  determines  how  a  given  membrane 
system  will  be  applied  to  a  particular  airfield  by  comparing 
available  duty  classes  with  required  duty  classes.  QMR 
placement  rates  for  the  system  are  also  Identified  In  this 
program . 

c)  Subroutine  NSPEC  computes  MSBD's  and  determines 
Inspection  frequency. 

d)  Subroutine  EFFECT  computes  downtime,  availability, 
maintenance  man-hours,  weight,  placement  rate,  recovery 
rate,  service  life,  and  effectiveness. 

e)  Subroutine  COST  computes  Initial  membrane  cost, 
shlpplno  cost  by  air  and  surface  modes,  placement  cost, 
recovery  cost,  ret roshl  ppl  ng  cost,  value  of  recovered 
membrane,  maintenance  cost,  total  cost,  and  cost 

eff ectl veness. 
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III.  MEMBRANE  DUTY  CLASSES 


MINIMUM  STRENGTH  REQUIREMENTS 

109.  Following  the  procedure  described  In  Chapter  II, 
paragraph  38,  and  utilizing  the  relationships  established 
for  availability  and  downtime  (eq.  28),  maintenance  man¬ 
hours  (eq.  46),  and  service  life  (eq.  62,63,64  ),  minimum 
membrane  strength  requirements  were  determined  for  one-, 
two-,  and  three-membrane  systems  for  each  a  1 r  1  eld  In 
each  theater.  The  minimum  strength  was  selected  as  the 
largest  of  the  three  values  obtained  from  availability, 
maintenance,  and  service  life  considerations.  The 
selected  minimum  strengths  were  then  used  to  calculate  the 
final  values  for  availability,  maintenance  man-hours, 
service  life,  membrane  weight,  MSBD,  and  Inspection 
frequency.  The  results  are  presented  In  Table  14. 


DUTY  CLASSES 


110.  Membrane  tensile  strengths  from  Table  14  were  arranged 
In  order  from  smallest  to  largest  and  grouped  In  numbered 
classes  as  discussed  In  Chapter  II,  paragraph  39.  For  each 
class 


0.9  NS 

max 


and  the  characteristic  strength  for  the  class  Is  taken  as 
NSnax,  For  SAML  airfields  In  theaters  3  and  5,  It  was 
found  that  by  using  a  two-membrane  system,  the  maximum 
membrane  strength  requirement  could  be  reduced  to  3064 
pounds  per  Inch.  This  effectively  reduces  the  number  of 
membrane  strengths  to  be  examined  to  21  numbered  classes 
as  shown  In  Table  15,  and  results  In  an  overall  weight 
saving  for  all  membrane  systems  at  all  airfields  In  all 
theaters,  except  for  the  three-membrane  system  at  the  two 
fields  In  the  two  theaters  just  mentioned. 


111.  By  comparing  the  minimum  required  strengths  from 
Table  14  with  the  duty  classes  In  Table  15,  membrane 
requirements  may  be  expressed  In  terms  of  numbered  duty 
classes.  These  are  given  In  Table  16,  along  with  the 
corresponding  weight  of  membrane  and  accessories  to  the 
nearest  ton.  In  all  cases  except  for  SAML  airfields  In 
theaters  3  and  5.  the  membrane  system  which  gave  minimum 
tonnage  per  field  was  selected. 
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SUBOPTIMIZED  MEMBRANE  SYSTEMS 

112.  As  described  In  Chapter  II,  paragraph  41,  duty  class  21 
was  examined  alone  and  with  all  possible  combinations  of 
classes  1  to  20  to  obtain  a  two-  and  three-membrane  system 
with  minimum  weight.  The  optimum  combinations  of  membranes 
are  listed  In  Table  17,  along  with  the  total  tonnage  required 
to  surface  all  airfields  In  all  theaters. 

113.  The  actual  deployment  and  tonnage  of  each  of  the  three 
suboptimized  membrane  systems  for  each  airfield  In  each 
theater  are  presented  In  Tables  18a,  18b,  and  18c.  Deploy¬ 
ment  was  determined  by  comparing  the  required  duty  classes 
from  Table  16  with  the  duty  classes  available  In  the  sytem. 

In  each  case,  the  duty  class  selected  was  equal  to  or 
greater  than  the  duty  class  required. 

114.  From  Table  17  and  Tables  18a,  18b,  and  18c,  the 
advantage  of  two-  and  three-membrane  systems  over  a  single- 
weight  system  is  readily  apparent.  Total  tonnage  may  ue 
reduced  by  a  factor  of  3  by  going  to  a  two-membrane,  and  a 
small  additional  Improvement  Is  realized  by  going  to  a  three- 
membrane  system.  These  three  systems  and  others  will  be 
examined  In  more  detail  under  Phase  II,  Chapter  V. 


MEMBRANES  ON  MILITARY  ROADS  AROUND  AIRFIELDS 

115.  Laboratory  and  field  experience  Indicates  that 

prefabricated  membranes  may  be  used  as  expedient  surfacing 
on  pioneer  roads  (Ref.  15,16).  T-12  membrane  has  withstood 

615  passes  of  an  M48  tank  (Ref.  15)  and  T-17  membrane  has 
withstood  2000  passes  of  mixed,  wheeled  traffic  ( Ml 51 . 

M37 ,  and  M35)  at  speeds  up  to  30  mph  (Ref.  16),  all  without 
damage.  There  are  Insufficient  data,  however,  to  develop  a 
reliable  model  of  mean  passes  between  damage  as  a  function 
of  applied  loads  from  ground  vehicle  traffic  (tracked  and 
wheeled)  and  of  membrane  strength. 

116.  Since  the  lightest  material  appearing  In  the  optimum 
membrane  systems  Is  class  7  (equivalent  to  T-12)  and  the 
heaviest  Is  class  21  (stronger  than  T-17),  It  Is  evident 
that  a  membrane  class  will  be  available  which  Is  suitable 
for  mil  1 tary  roads . 
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Table  14 

Minimum  Membrane  Strength  Requirements  and  Performance 


Air-  i  Membrane  Tensile  Strength  Membrane  Height 

Theater  field  System  (lb/in)  (tone) 


1 

Bunw  ay 

Taxi- 

Ru nuay 

Taxi- 

End 

i  Center 

park 

End. 

Center 

park 

Tota  l 

1  FAML 

1 

690 

690 

690 

6 

12 

26 

44 

2 

786 

786 

690 

7 

14 

26 

47 

j 

i  3 

1005 

690 

I  690 

9 

12 

26 

47 

SAML 

1 

1752 

1752 

1752 

23 

46 

174 

243 

2 

1752 

1752 

'17  52 

23 

46 

174 

243 

j 

3 

1752 

1752 

:  1  7  52 

23 

46 

174 

243 

2  FAML 

1 

701 

701 

701 

6 

13 

26 

45 

2 

781 

781 

701 

7 

15 

26 

48 

3 

998 

701 

701 

9 

13 

26 

48 

SAML 

1 

203  5 

203  5 

2035 

27 

54 

204 

285 

I 

2 

203  5 

2035 

466 

27 

54 

46 

127 

i 

3 

2465 

1232 

466 

33 

33 

46 

112 

3  |  FAML 

1 

699 

699 

699 

6 

13 

27 

46 

2 

775 

775 

482 

7 

15 

18 

40 

i 

3 

991 

495 

482 

9 

9 

18 

36 

SAML 

1 

3064 

3064 

3064 

42 

85 

309 

436 

2 

3064 

3064 

457 

42 

85 

46 

173 

3 

3712 

1856 

457 

51 

51 

46 

148 

4  FAML 

1 

839 

839 

839 

10 

21 

36 

67 

2 

839 

839 

839 

10 

21 

36 

67 

3 

928 

839 

839 

12 

21 

36 

69 

,  SAML 

1 

1901 

1901 

1  901 

34 

68 

206 

308 

2 

1901 

1901 

571 

34 

68 

61 

163 

3 

2303 

11  51 

571 

41 

41 

61 

143 

5  FAML 

1 

1344 

1344 

1  344 

25 

51 

70 

146 

2 

1344 

1344 

369 

25 

51 

19 

95 

3 

1628 

814 

369 

31 

31 

19 

81 

SAML 

1 

2  570 

2570 

2570 

69 

138 

319 

526 

? 

2  570 

2570 

523 

69 

138 

65 

272 

3 

3113 

1556 

523 

83 

83 

65 

231 

1-5  FAH 

1 

0 

0 

62  3 

0 

0 

41 

4  , 

1  BAML  fields  are  not  fncluded  because  they  are  shor  -life  fields 
and  are  assumed  to  be  left  bare.  RAKL  and  RAT  fieudB  are  not 
Included  because  they  are  lon^-life  fields  and  are  assumed  to  be 
mat-c  over ed 
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Tabl  e  14  (cont'd. ) 


Mean  Sorties 
Between  Tears 

— 

Avail . 

— 

Down¬ 

time 

Man¬ 

hours 

Inspection 

f  '  1  - — 

Servic e  L 1 f e 

Runway 

Taxi- 

Sorties 

Probe  2 

Ru nuay 

Taxi  - 

End  Canter 

park 

End 

Center 

park 

2 

23 

184 

93.0 

.239 

.749 

1 

.67 

1647 

1647 

1647 

4 

34 

184 

94.3 

.193 

.674 

1 

.76 

1199 

1199 

69065 

e 

i 

23 

184 

95.5 

.154 

.609 

1 

.85 

1199 

4269 

69065 

16 

133 

1071 

95.3 

.160 

.  7  50 

1 

.93 

3601  6 

3601  6 

3601  6 

16 

133 

1071 

95.3 

.160 

.750 

1 

.93 

1  0359 

10359 

188331  9 

16 

133 

1071 

95.3 

.160 

.750 

1 

.93 

3884 

62158 

1883319 

3 

24 

194 

93.1 

.235 

.74  9 

1 

.69 

1  788 

1788 

1788 

4 

33 

1  94 

94.2 

.197 

.688 

1 

.76 

1199 

1199 

74456 

8 

24 

194 

95.4 

.156 

.620 

1 

.85 

1199 

4677 

74456 

26 

209 

1676 

97.5 

.085 

.720 

2 

.91 

66245 

66245 

66245 

26 

209 

20 

97.5 

.085 

.7  50 

2 

.91 

19321 

1  9321 

9541 

46 

46 

20 

97.5 

.085 

.750 

2 

.91 

1  5604  j  1  5604 

9541 

3 

24 

192 

93.0 

.240 

.743 

1 

.68 

1799 

1799 

1799 

4 

32 

63 

94.0 

.2  03 

.689 

1 

.75 

1199 

1199 

16826 

8 

8 

63 

94.5 

.188 

.665 

1 

.79 

1199 

1199 

1  6826 

89 

715 

5722 

99.2 

.025 

.492 

7 

.91 

345297 

345297 

345297 

89 

715 

18 

99.2 

.025 

.523 

7 

.91 

102407 

1 02407 

8823 

158 

1  58 

18 

99.2 

.025 

.523 

7 

.91 

82705 

82705 

8823 

5 

41 

332 

93.7 

.212 

.749 

1 

.80 

4475 

447  5 

4475 

5 

41 

332 

93.7 

.212 

.749 

1 

.80 

2144 

2144 

172344 

7 

41 

332 

94.3 

.194 

.720 

1 

.84 

1199 

1  2865 

172344 

21 

170 

1366 

96.7 

.112 

.734 

2 

.90 

58355 

58355 

58355 

21 

1  70 

37 

96.7 

.112 

.750 

2 

.90 

1  9729 

1  9729 

23118 

37 

37 

37 

96.7 

.112 

.750 

2 

.90 

1  5933 

1  5933 

23118 

21 

170 

1366 

96.5 

.118 

.673 

2 

.90 

39559 

39559 

39559 

21 

170 

28 

96.  5 

.118 

.693 

2 

.90 

20948 

20948 

7908 

37 

37 

28 

96.  5 

.118 

.693 

2 

.90 

16918 

16918 

7908 

52 

422 

3377 

97.7 

.077 

.693 

4 

.91 

245606 

245606 

245606 

52 

422 

28 

97.7 

.077 

.714 

4 

.91 

97997 

97997 

18654 

93 

93 

28 

97.7 

.077 

.714 

4 

.91 

79143 

79143 

18654 

0 

0 

- .... 

2 

■  ■  --  _ 

93.5 

.222 

.438 

1 

.61 

0 

o  I 

_ 

1200 

_ 

Probability  of  no  damage  between  inspections. 
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Table  15 

Definition  of  Membrane  Duty  Classes 


Duty  Class 

Tensile  Strength 

Membrane  Weight 

(lb /in) 

(lb/aq  ft) 

1 

372 

0.110 

2 

413 

0.122 

3 

459  (T16 ) 

0. 1  3f 

4 

511 

0.1  51 

5 

567 

0.167 

6 

630 

0.186 

7 

700  (T12) 

0.207 

8 

778 

0.230 

9 

865 

0.256 

10 

961  ( T 1  7 ) 

0.284 

11 

1068 

0.31  6 

12 

1187 

0.351 

13 

1319 

0.390 

14 

1465 

0.433 

15 

1628 

0.481 

16 

1809 

0.535 

17 

2010  (WX-18) 

0.  594 

18 

2233 

0. 660 

19 

2482 

0.734 

20 

2757 

0.81  5 

21 

3064 

0.906 
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Table  16 

Membrane  Requirements  In  Terms  of  Duty  Classes 


T  heater 

Airfield 

Duty  Class 

Requl  red 

Weight  of  Membranes 
e,  Accessories  (tons) 

Ru  nway 

Taxi- 

Park 

■ESBH 

Taxi- 

Park 

End  8 

Center 

1 

MBH 

7 

7 

7 

9 

1  9 

39 

16 

16 

16 

35 

71 

270 

0 

0 

7 

0 

0 

69 

2 

FAML 

8 

8 

8 

1  1 

44 

SAML 

19 

13 

4 

50 

76 

FAH 

0 

0 

7 

0 

69 

3 

FAML 

11 

4 

4 

1  5 

1  5 

29 

SAML 

21 

21 

3 

64 

128 

69 

FAH 

0 

0 

7 

0 

0 

69 

4 

FAML 

9 

9 

16 

33 

56 

SAML 

19 

12 

67 

64 

102 

FAH 

0 

0 

0 

0 

69 

5 

FAML 

16 

9 

Hfl 

52 

49 

29 

SAML 

20 

20 

111 

222 

105 

FAH 

0 

0 

mm 

0 

0 

69 

Table  17 


Suboptimized  Membrane  Systems 


No.  of  membranes 
In  system 

Duty  Classes 

Total  wt .  of  membrane 
&  accessories  (tons) 

Heavy 

Medium 

Light 

1 

21 

- 

• 

65,767 

2 

21 

• 

7 

20,724 

3 

21 

9 

7 

17,927 
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Table  18a 

One-Membrane  System  -  Class  21 


A  i  r- 

Wt.  of  Membrane 

No. 

Fields 

Total  ] 
Weight 

Theater 

field 

Duty  Classes 

m  Access,  per  Field 

i  n 

Theater 

R untidy 
Ends  | C en t 

Tax  i  - 
er  park 

( tOH8> 

(tons )  ] 

| 

FAML 

21 

21 

1  21 

304 

1  2 

i 

3,648  1 

SAML 

21 

21 

21 

639 

3 

1  ,917 

FAH 

* 

1 

j 

21 

302 

47 

14,194 

1  3,  7  t>3 

2 

FAML 

21 

21 

1  21 

309 

6 

1  ,854 

SAML 

21 

21 

,  21 

646 

2 

1  ,292 

FAH 

21 

1 

302 

39 

11,778 

14,  324 

3 

FAML 

21 

21 

21 

315 

3 

945 

SAML 

21 

21 

21 

656 

1 

656 

FAH 

- 

- 

21 

302 

1  3 

3,926 

4 

,  FAML 

21 

21 

21 

377 

,  4 

1  ,508 

i 

■  SAML 

21 

21 

21 

748 

!  i 

743 

FAH 

21 

1 

302 

56 

16,912 

13,163 

5 

FAML 

21 

21 

21 

507 

3 

1  .521 

SAML 

21 

21 

21  i 

942 

1 

942 

FAH 

- 

- 

21 

302 

1  3 

3,926 

1'  ,i8J 

OVERALL  :->TAl 

6  6  / 
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Table  18b 

Two -Membra ne  System  -  Classes  21  and  7 


> -  — 1 - - 

A  i  r  - 

Theater'  field 

Duty  Classes 

Wt.  of  Membrane 
&  Access,  per  Fi eld 

No .  Fields 
in  Theater 

Total  j 
Weight 

Ru nua u 

Taxi  - 

(  tons) 

( tone > 

i 

Enas 

'  C en  t  ev\ 

park 

1 

1 

:  l 

PAUL 

7 

7 

7 

69  l 

12 

828 

, 

.  SAUL 

21 

21 

21 

639 

3 

1  ,917 

i 

FAR 

- 

- 

7 

69 

47 

3,243  1 

! 

5,  988 

L 

FAML 

21 

21 

21 

309 

6 

1  ,054 

1 

SAMI 

21 

21 

7 

291 

2 

582 

1 

1 

FA1I 

- 

- 

7 

69 

39 

2,691 

1 

!  i 

i 

i 

5,127 

3 

FAML 

21 

7 

i 

,  7  ; 

1  ; 

107 

3 

321 

| 

SAUL 

21 

21 

7 

293 

1 

298 

l 

FAN 

- 

*  ' 

7 

69 

j 

1  3 

897 

i 

\ 

1 

1,516 

4 

FAML 

21 

21 

21 

! 

377 

4 

1,508 

SAML 

21 

21 

7  I 

363 

1 

363 

i 

FAH 

- 

1 

7  1 

69 

56 

3,864 

1 

1 

'  ! 

5,  735 

5 

FAML 

21 

21 

7 

320 

3 

960 

SAML 

21 

21 

7 

501 

1 

501 

FAH 

- 

- 

7 

69 

1  3 

897 

2,358 

OVERALL  TOTAL  20,224 
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Table  1 8c 

Three-Membrane  System  -  Classes  21,  9,  and  7 


Air- 

Wt.  of  Membrane 

No.  Fields 

Total 

Theater 

field 

Duty  Cl  as  ses  & 

Acces s .  per  Field 

i  n  T  heater 

Wei ght 

Eunwau 

T axi  - 

t t OH8) 

( tone ! 

Ends  Center 

pa  rk 

1 

FAML 

7  7 

7 

69 

1  2 

828 

SAUL 

21  •  21 

21  1 

639 

3 

1  ,917 

FAH 

- 

7 

69 

47 

3,243 

5,  988 

2 

FAML 

9  9 

9 

87 

6 

522 

SAML 

21  21 

7 

291 

2 

582 

FAH 

- 

7 

69 

39 

2,691 

2,  79  8 

3 

FAML 

21  7 

7 

107 

3 

321 

SAML 

21  21 

7 

298 

1 

298 

FAH 

- 

7 

69 

1  3 

897 

si6 


4 

FAML 

9 

9 

9 

106 

4 

424 

SAML 

21 

21 

7 

363 

1 

363 

,  FAH 

7 

69 

56 

3,864 

4,  651 

5 

FAML 

21 

9 

7 

193 

3 

579 

SAML 

21 

21 

7 

501 

1 

501 

FAH 

7 

69 

1  3 

897 

1,977 

OVERALL  TOTAL 

17,927 
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MEMBRANES  UNDER  LANDING  MAT  AND  ON  NON-TRAFFIC  AREAS 


117.  Membranes  used  for  waterproofing  and  dustproofing 
subgrades  under  landing  mat  are  not  In  direct  contact  with 
applied  wheel  loads.  Therefore,  the  model  developed  for 
mean  sorties  between  damage  (Fig.  1)  Is  clearly  not 
applicable.  Laboratory  tests  have  shown  that  T-16  and 
laminated  vinyl-coated  nylon  (Ref.  17)  are  suitable  for  use 
under  AMI  landing  mat,  which  is  relatively  smooth  on  the 
underside.  For  landing  mat  with  a  more  aggressive  under¬ 
surface  (e.g.,  M8),  it  Is  doubtful  that  membranes  of  lower 
strength  than  T-16  will  be  effective.  It  Is  evident, 
however,  that  membranes  for  use  under  landing  mat  may  be 
lower  in  strength  than  any  of  those  proposed  In  the  optimum 
systems  for  traffic  areas  (Chap.  V).  Until  such  time  that 
laboratory  and  field  tests  Indicate  otherwise,  T-16  should 
be  considered  as  adequate  for  tse  under  all  landing  mat. 

For  mat  with  smooth,  flat  undersides  (such  as  AM2,  MX18, 

MX  1 9 ) ,  lighter  and  cheaper  materials,  such  as  laminated 
vinyl-coated  nylon  or  comparable  material,  may  be  used. 

118.  Areas  along  the  periphery  and  Inner  boundaries  of 
airfield  traffic  areas  which  require  water/dustproofing  are, 
for  planning  purposes,  approximately  equal  to  the  traffic 
area  Itself.  (For  sample  layout  of  dustproofing  area  around 
a  medium  lift  airfield,  see  Ref.  2).  Because  of  this  large 
demand  for  membrane  on  non-traffic  areas.  It  Is  essential 
that  such  membrane  be  as  lightweight  and  as  inexpensive  as 
possible.  If  these  areas  are  truly  non-traffic  areas  (l.e., 
restricted  from  air  and  ground  traffic),  then  the  membrane 
Is  only  required  to  withstand  the  elements  (e.g.,  wind, 
hall),  propeller  blasts  during  engine  runups,  downwash  from 
helicopters,  and  possibly  traffic  by  men  on  foot  and  animals. 
For  this  usage,  laminated  vinyl-coated  nylon  membranes  are 
probably  sufficient.  If  occasloral,  light,  ground  vehicle 
traffic  or  aircraft  overruns  are  to  be  expected,  T-16  would 
be  more  suitable.  However,  the  higher  cost  of  T-16  (approxi¬ 
mately  three  times  greater  than  laminated  vinyl-coated 
nylon)  must  be  compared  with  the  cost  of  maintaining  lighter 
materials.  It  will  be  shown  later  In  this  study  that 
maintenance  costs  are  almost  negligible  compared  with  the 
cost  of  purchasing,  shipping,  and  emplacing  membranes. 

EXTRA-LIGHT  DUTY  MEMBRANE 

119.  Initially,  the  membrane  to  be  used  on  non-traffic 
areas  and  under  landing  mats  was  to  be  the  lightest  membrane 
recommended  for  use  on  traffic  arsas  as  a  result  of  this 
study.  As  the  study  progressed,  however.  It  became  apparent 
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that  such  a  policy  would  result  In  unwarranted  and 
I  unnecessary  Increases  In  system  cost.  As  Indicated  In  the 

preceding  section,  membranes  suitable  for  use  on  non-traffic 
areas  and  under  mats  are  much  lower  In  strength  and  weight 
than  the  lightest  membrane  suitable  for  use  on  airfield 
traffic  areas.  It  Is  recalled  from  Chapter  II  that  Initial 
co't,  shipping  cost,  placement  cost,  and  recovery  cost  are 
all  directly  related  to  membrane  weight.  Furthermore,  the 
non-traffic  areas  to  be  waterproofed  and  dustproofed  are 
approximately  equal  In  size  to  the  traffic  areas. 

120.  In  view  of  the  large  requirement  for  membrane  under 
landing  mat  and  on  non-traffic  areas,  and  considering  the 
light  loads  Involved,  It  Is  evident  that  a  separate  membrane 
duty  class  Is  required  (apart  from  those  for  traffic  areas). 
While  additional  study  Is  required  to  determine  the  optimum 
characteristics  of  such  a  membrane.  It  appears  that  vinyl 
or  neoprene-coated  nylon  fabrics,  with  strength  less  than 
or  equal  to  that  of  T-16,  would  be  adequate.  This  duty 
class  will  be  referred  to  as  extra-light  duty. 
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IV.  TRADE-OFF  ANALYSIS  (PHASE  I) 


THE  QMR  PARAMETERS 


121.  The  purpose  of  the  analysis  and  parameters  to  be 
considered  were  given  In  Chapter  I,  paragraph  9.  Those 
parameters  which  have  been  assigned  specific  values  In  the 
QMR  are: 


a)  Availability 

b)  Service  1  If e 


c)  Maintainability 

d )  Rel  la bl  1 1  ty  and 

dura  bl 1 1 ty 

e)  Placement  rate 

( essential ) 


f )  Weight  (essential ) 


93  percent  with  15  percent 
replacement  parts 
1  200  sorties  with  10  percent 
replacement  parts  due  to 
f al  1 ures 

0.75  man-hours  per  sortie 

100  sorties  between  failures 

light  400  sq  ft/mhr 

medium  300  sq  ft/mhr 

heavy  200  sq  ft/mhr 

light  2.0  1  b/sq  yd 

medl urn  4.0  1 b/sq  yd 

heavy  6.0  1 b/sq  yd . 


122.  The  remaining  Items,  performance,  transportability, 
producl  bl 1 Ity,  and  logistical  support,  are  qualitative  and 
cannot  be  readily  analyzed.  However,  "performance'  is 
Implicit  In  Items  (a)  to  (f)  above.  "Transportability"  and 
"logistical  support"  are  closely  related  to  the  weight  of 
membranes  (Item  f)  and  accessories.  "Producl  bl  1 1  ty"  Is 
mainly  a  function  of  the  materials  Involved  and  should  be 
constant  for  this  study  since  sufficient  data  were  available 
for  only  neoprene-coated  nylon  fabrics.  From  past  procure¬ 
ment  records.  It  Is  evident  that  this  material  Is  readily 
producible  In  several  weights,  plies,  and  strengths. 


123.  To  meet  the  QMR  specification  for  reliability  and 
durability,  the  membrane  must  be  capable  of  withstanding 
100  sorties  between  failures.  No  failure,  as  defined  In 
the  QMR  (see  par.  16,  Chap.  I),  has  ever  been  reported 
during  field  testing  or  operations.  Thus,  there  Is  no 
basis  for  establishing  a  rate  of  occurrence  model  for  tears 
of  such  magnitude.  It  must  be  assumed  that  membranes, 
which  otherwise  satisfy  the  QMR,  will  meet  this  requirement 
al  so. 


124.  Placement  rate  and  weight  are  considered  as  dependent 
variables,  l.e.,  membrane  systems  are  selected  which  meet 
the  QMR  with  minimum  weight.  Placement  rate  Is  then 


determined  from  the  relationship  shown  In  Figure  4. 

Although  this  relationship  Is  a  trade-off  between  placement 
rate  and  weight,  no  trade-off  Is  In  fact  possible  because 
required  strength  determines  weight  and  weight  determines 
placement  rate  (for  a  given  m^mbr^.ne  material). 

125.  The  remaining  parameters  listed  In  paragraph  121  are 
availability,  mal ntal nab <  1 1  ty ,  and  service  life.  By  varying 
each  of  these  separately  above  and  below  Its  QMR  value,  the 
effect  on  the  other  parameters  listed  (except  reliability* 
durability)  and  on  total  system  weight  and  cost  may  be 
determined.  Since  the  results  were  similar  for  all  air¬ 
fields  In  all  theaters,  results  are  shown  for  forward  area 
medium  lift  ( C - 1 3 0 )  airfields  In  Theater  3  only. 


AVAILABILITY 

126.  Target  values  of  88  to  98  percent  were  assigned  to 
availability,  while  QMR  values  were  used  for  service  life 
and  maintainability.  The  Influence  of  these  target  values 
on  values  actually  attained  by  a  one-,  two-,  or  three- 
membrane  system  Is  shown  In  Figure  10.  It  Is  evident  that 
no  advantage  Is  obtained  from  lowering  the  QMR  availability 
below  about  92  percent  since  service  life  has  "bottomed  out" 
at  Its  QMR  value  and  maintenance  man-hours  and  availability 
(attained)  have  leveled  off,  resulting  In  no  additional 
savings  In  weight  or  cost. 

127.  Raising  the  QMR  value  to  95  percent  or  above  results 
In  Increased  weight  and  cost,  maintenance  man-hours  have 
"topped  out"  at  the  QMR  value,  and  placement  rates  are  at 
or  near  the  QMR  mlnlmums.  It  Is  apparent  that  If  avail¬ 
ability  greater  than  the  95  percent  Is  required,  considerable 
savings  In  cost  and  weight  are  obtained  from  a  two-  or  three- 
membrane  system.  Below  93  percent  cost  and  weight  are  about 
equal  for  all  three  systems,  but  the  multimembrane  systems 
offer  advantages  of  higher  availability  and  lower  maintenance. 

128.  The  QMR  availability  of  93  percent  Is  a  practical 
minimum  requirement. 


68 


MAINTAINABILITY 


129.  The  maintenance  requirement  was  varied  from  O.b  to  1.1 
man-hours  per  sortie,  as  shown  In  Figure  11.  Minimum  weight 
and  cost  are  obtained  In  the  range  0.75  to  0.90.  By  setting 
the  QMR  value  at  0.90  Instead  of  0.75  man-hours  per  sortie, 
overall  system  cost  and  weight  will  be  reduced  by  about 
7  percent.  A  relaxation  of  this  requirement  Is  easily 
justified  since  It  will  be  shown  later  that  maintenance 
costs  are  Insignificant  when  compared  to  overall  system 
costs. 


SERVICE  LTTE 

130.  The  service  1  < f e  requirement  was  varied  from  600  to 
1800  sorties,  as  indicated  In  Figure  12.  Availability  and 
maintenance  level  off  at  their  respective  QMR  values  when 
service  life  Is  reduced  to  600  sorties.  Considering  the 
anticipated  service  life  of  forward  and  support  area  medium 
lift  airfields  (98  and  420  sorties,  respectively),  a  service 
life  of  about  600  to  650  would  not  appear  to  be  unreasonable. 
This  means  that  replacement  parts  would  be  nearly  expended 

by  the  end  of  the  airfield  service  life.  Additional 
replacement  parts  could  then  be  Issued  when  the  membrane  Is 
recovered  and  moved  to  another  field  or  depot.  However,  a 
reduction  In  membrane  service  life  would  not  be  desirable 
because  of  the  long  anticipated  service  life  of  forward  area 
heliports  (  5400  sorties).  Also,  the  savings  In  total  system 
cost  resulting  from  a  change  In  QMR  service  life  would  be 
1 nslgnl f leant. 

131.  The  QMR  specifies  that  service  life  must  be  achieved 
with  not  more  than  10  percent  replacement  parts.  The  effect 
of  varying  the  replacement  parts  requirement  from  5  to  15 
percent  Is  shown  In  Figure  13.  For  one-membrane  systems,  the 
requirement  appears  to  be  in  order  considering  availability, 
maintenance,  weight,  and  cost.  For  two-  and  three-membrane 
systems,  the  requirement  could  be  relaxed  to  15  percent  and 
still  be  In  balance  with  availability  and  maintenance,  but 

no  appreciable  savings  In  system  weight  or  cost  would  result. 
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V.  COST  EFFECTIVENESS  (PHASE  II) 


SENSITIVITY 

132.  In  the  models  developed  In  Chapter  II,  the  parameters 
which  are  not  fixed  by  the  choice  of  a  specific  theater  and 
airfield  or  by  the  QMR  are: 

a)  Point  of  origin 

b)  Shipping  distance  (air  or  surface) 

c)  Shipping  cost  (air  or  surface) 

d)  Inspection  frequency  for  runway 

e)  Inspection  frequency  for  taxi-park  areas 

f)  Inspection  vehicle  velocity  (during  Inspection) 

g)  Inspection  vehicle  velocity  (to  and  from  runway) 
hi  Maintenance  crew  size 

1)  Number  of  maintenance  crews 

j)  Placement  crew  size 

k)  Number  of  placement  crews 

l)  Adhesive  drying  time 

m)  Man-hours  per  repair 

n)  Effectiveness  weighing  factors. 

Pol  n+  r gin 

133.  e  different  points  of  origin  were  considered 
corresponding  to  factories  of  three  potential  manufacturers. 
The  difference  In  overall  system  cost  between  the  most 
expensive  and  least  expensive  origin  (due  to  shipping  cost) 
was  about  7  percent.  For  alternate  membrane  systems 
originating  from  the  same  point,  however,  relative  costs  of 
the  systems  are  not  Influenced  by  this  parameter.  After  the 
Influence  of  the  point  of  origin  had  been  established,  this 
parameter  was  set  at  origin  number  1  on  all  subsequent  tests. 


Shipping  Distances  and  Costs 

134.  Shipping  distances  by  truck  In  CONUS  are  20  percent 
larger  than  corresponding  air  distances.  In  the  theater  of 
operations,  truck  distances  were  arbitrarily  set  25  percent 
larger  than  air  distances.  Cost  per  ton-mile  by  air  Is 
roughly  four  times  greater  than  by  truck. 

135.  Shipping  distances  by  sea  (converted  to  statute  miles) 
are  approximately  12-1/2  percent  larger  than  corresponding 
air  distances.  Cost  per  ton-mile  Is  a.''  average  of  i6  times 
greater  by  air  than  by  sea. 
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136.  Cost  effectiveness  data  (Appendix  C)  were  tabulated 
for  two  different  modes  of  transportation:  a)  all  air,  and 
2)  all  surface  except  air  when  necessary.  Although  cost 
differences  due  to  mode  of  shipping  have  a  large  Influence 
on  the  magnitude  of  overall  system  cost,  relative  costs 
between  various  membrane  systems  are  unaffected. 

Inspection  Frequency 

137.  The  QMR  Indicates  that  one  inspection  of  the  membrane 
per  day  Is  sufficient.  However,  allowing  damage  to  the 
membrane  to  go  unrepaired  during  Inclement  weather  or 
risking  the  possibility  of  small  tears  developing  Into 
failures,  would  appear  to  defeat  the  purpose  of  the  membrane. 
Accordingly,  an  Inspection  policy  was  adopted  for  this  study 
based  on  a  90  percent  probability  of  no  damage  between 
Inspections,  as  discussed  In  Chapter  II,  paragraph  49. 

138.  As  a  result  of  this  policy,  runway  Inspections  were 
usually  required  after  each  sortie  while  taxiway  and  parking 
area  Inspections  were  held  after  each  two  to  four  sorties. 

If  Inspections  were  required  after  each  sortie,  the 

90  percent  probability  of  no  damage  criterion  was  no  longer 
necessary  and  was  waived.  Under  these  circumstances,  It 
was  found  that  the  QMR  could  be  satisfied  on  all  counts  with 
a  probability  of  no  damage  as  low  as  60  to  70  percent. 

139.  On  most  support  area  airfields,  the  large  membrane- 
covered  areas  required  such  large  Inspection  times  that  the 
QMR  maintenance  requirement  could  not  be  met  unless 
Inspections  were  held  only  once  or  twice  per  day.  This,  In 
turn,  meant  that  the  90  percent  probability  of  no  damage 
requirement  had  to  be  met.  As  a  result  of  the  self-imposed 
Inspection  policy,  membrane  strengths  were  forced  higher 
than  required  by  the  QMR. 

140.  The  Inspection  policy  used  in  this  study  has  a 
significant  effect  on  membrane  strength  and,  therefore, 
overall  weight  and  cost  of  proposed  membrane  systems.  While 
It  appears  to  be  an  entirely  reasonable  and  desirable  policy. 
It  should  be  considered  when  selecting  an  optimum  membrane 
system. 

Inspection  Vehicle  Velocity 

141.  The  speed  at  which  the  Inspection  vehicle  travels  to 
and  from  the  runway  Is  not  a  critical  parameter,  but  modest 
savings  In  system  cost  and  weight  result  from  higher  speeds, 
as  shown  In  Figure  14.  Frr  final  cost-effectiveness  compu¬ 
tations,  the  speed  to  and  from  the  runway  was  set  at  20 
miles  per  hour. 
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142.  Runway  Inspection  speeds  were  varied  from  3  to  7  miles 
per  hour.  As  shown  In  Figure  15,  speeds  below  5  miles  per 
hour  resulted  In  substantially  Increased  system  weight  and 
cost  and  decreased  availability  and  placement  rate.  Speeds 
of  6  to  7  miles  per  hour  show  no  Improvement.  Inspection 
speeds  were  set  at  5  miles  per  hour. 


Maintenance  Crew  Size  and  Number  of  Crews 

143.  The  size  of  the  Inspection-repair  crew  has  a 
significant  effect  on  system  weight  and  cost  (Fig.  16).  It 
Is  assumed  that  the  entire  crew  performs  the  Inspection  of 
the  membrane  so  that  when  damage  is  found  It  may  be  repaired 
Immediately.  This  means  that  larger  crew  sizes  consume  more 
man-hours  during  Inspections,  allowing  fewer  man-hours  for 
repairs.  Thus,  higher  membrane  strength  Is  required, 
resulting  In  higher  weight  and  cost.  The  minimum  effective 
crew  size  has  been  found  to  be  three  men  (Ref.  2,3,6),  which 
was  used  In  all  computations. 

144.  It  Is  evident  from  Figure  17  that  a  more  effective 
way  to  use  more  men  Is  to  have  several  crews  of  three  men 
working  simultaneously.  This  suos tant  1  a  1 1  y  Increases 
availability  with  only  modest  Increases  In  system  cost  and 
weight.  Still  the  scheme  tnat  satisfies  the  QMR  at  lowest 
cost  Is  a  single  three-man  crew. 


Placement  Crew  Size  and  Number  of  Crews 


145.  Since  placement  rates  are  In  terms  of  square  feet  per 
man-hour,  It  Is  evident  that  the  total  number  of  men  on  the 
placement  detail  will  not  Influence  placement  cost.  The 
cost  of  transporting  the  crew  to  and  from  the  airfield  Is 
not  considered  because  It  is  assumed  that  part  of  the 
airfield  construction  crew  will  place  the  membrane. 

However,  the  time  required  for  placement  is  Inversely 
proportional  to  the  total  number  of  men  Involved,  l.e., 
with  a  larger  placement  crew,  the  field  will  become 
operational  sooner  (see  eq .  51).  On  an  effectiveness  basis, 
however,  the  ratio  of  actual  placement  rate  to  QMR  placement 
rate  Is  Independent  of  crew  size.  This  Is  due  to  the  fact 
that  placement  rate  Is  a  function  only  of  membrane  weight 
(eq.  56).  Thus  cost  and  effectiveness  ere  Independent  of 
placement  crew  size. 


\dhes1ve  Prying  T Ime 

^’6*  The  effect  of  adhesive  drying  time  during  membrane 
repairs  was  Insignificant  although  system  weight  and  cost 
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Sensitivity  of  performance,  weight  and  cost  to 
Inspection  vehicle  velocity  (during  Inspection) 


Figure  15 


Figure  17.  Sensitivity  of  performance,  weight  and  cost  to  number 
of  3-man  mu  1  n  tena,pce  crews  working  simultaneously. 


tended  to  Increase  slightly,  and  availability  decreased 
somewhat  with  increased  drying  time  (Fig.  18).  A  drying 
time  of  10  minutes  was  selected  as  typical  for  adhesives 
currently  used  (Ref.  2). 


Mai ntenance  Repal r 

147.  From  Figure  19  It  Is  evident  that  the  models  are 
rather  Insensitive  to  the  man-hours  required  per  repair. 
There  Is  a  slight  tendency  toward  Increased  weight  and  cost 
with  Increased  man-hours  per  repair.  Field  experience  In 
Vietnam  (Ref.  6)  Indicates  that  the  average  repair  require; 
about  0.6  man-hours  of  effort  and  this  value  was  used  In 
the  computations. 


MEMBRANE  SYSTEMS  EXAMINED  FOR  TRAFFIC  AREAS 

148.  The  various  membrane  systems  examined  In  the  cost 
effectiveness  analysis  are  listed  In  Table  19.  These 
Include  the  suboptimized  systems  (on  a  weight  basis)  from 
Chapter  III,  some  variations  on  these  systems  and  systems 
Involving  combinations  of  existing  or  previously  tested 
membranes.  Detailed  data  for  these  systems  are  Included  In 
Appendix  C.  Summarized  data  for  the  most  promising 
combinations  for  snipping  by  air  only  are  presented  In 
Tables  20,  21  ,  and  22. 


ONE-MEMBRANE  SYSTEMS 

149.  The  optimum  single  membrane  duty  class  (l.e.,  the 
light  :st  membrane  which  will  meet  requirements  on  the  most 
severe  airfield)  Is  class  21  (Table  15).  The  only  field- 
tested  membrane  which  approaches  this  duty  class  Is  class  17 
( WX -18).  A  summary  of  cost-effectiveness  data  for  these 
two  duty  classes  Is  presented  In  Table  20.  From  Table  16, 

It  is  evident  that  duty  class  17  Is  sufficient  for  all 
except  support  area  medium  lift  fields  (C-5A  class)  In 
Theaters  3  and  5.  For  these  airfields  QMR  availability 
would  be  met  but  maintenance  would  be  marginal  and  the 
probability  of  no  damage  between  Inspections  would  fall 
below  90  percent. 
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Figure  19.  Sensitivity  of  performance,  weight  and  cost  to 
maintenance  effort  per  repair. 
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Table  20 

One-Membrane  Systems 


A  i  r- 

Theater  Meld 

Effect. 

Cost 

S1000 

Cost- effect. 
$1000 

Effect . 

Cost 

SI  000 

cost-effect. 

$1000 

1  FAML 

SAML 

FAH 

1  .55 

1  .  55 

1  .  53 

1  78 
357 
180 

114 

229 

117 

1  .62 

1  .43 

1  .60 

117 

239 

121 

72 

167 

75 

•iD  "3JP  * 

168 

128 

1  O  6 

7  9 

2  FAML 

SAML 

FAH 

1.55 

1  .  55 

1  .53 

1  68 

3  52 

167 

107 

226 

109 

1  .62 

1  .42 

1  .60 

1  1  1 

236 

112 

68 

1  65 

1  r 

A ve  rape 

17  8 

114 

117 

3  FAML 

SAML 

FAH 

1  .  5b 

1.55 

1.55 

176 

368 

1  72 

113 

237 

112 

1.62 

1.41 

1  .60 

116 

247 

1  1  <• 

.*i  i'  t'  /*.* r 

184 

119 

121 

77 

4  FAML 

SAML 

FAh 

1.55 

1  .  54 

1  .53 

1  92 

385 

1  57 

123 

248 

1  02 

1  .62 

1  .31 

1  .60 

127 

258 

105 

76 

196 

65 

e  ru:j  e 

\ 

1  6S 

1  06 

1  09 

68 

5  FAML 

AML  ] 

FAH  1 

1  .  55 
.52 
.  53 

252 

471 

152 

162 

309 

98 

1  .  60 

1  .14 

1  .  60 

167 

318 

101 

104 

277 

63 

‘xve  ■  e 

188 

128 

126 

83 

V  EH  ALL 

- - -  — 

— 

— 

A  V EH AGE 

1  77 

Hi 

1  1  9 

7b 

‘Weighted  for 

number 

o'  airfields  per  ‘neat 

r . 

— 
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Table  21 

Two-He«br«ne  Systens 


Classes  - 

21 

-10 

21-9 

Air- 

Theater  field 

Effect . 

Cost 

$1000 

Cost-effect . 
$1000 

Effect. 

Cost 

$1000 

Cost-effect 

$1000 

1  FAML 

SAML 

FAH 

1  .28 

1  .55 

1  .69 

63 

357 

72 

49 

229 

43 

1.27 

1  .55 
1.63 

58 

357 

72 

46 

229 

44 

Average  * 

84 

53 

83 

53 

2  FAML 

SAML 

FAH 

1  .27 

1  .  59 

1  .69 

60 

1  92 
68 

47 

120 

40 

1  .26 

1  .60 

1  .63 

55 

186 

68 

44 

116 

41 

Average 

72 

44 

72 

4  8 

3  FAML 

SAML 

FAH 

1  .62 

1  .59 

1  .69 

78 

202 

70 

48 

127 

41 

1  .63 

1  .59 

1  .63 

74 

196 

70 

45 

122 

42 

Average 

79 

47 

78 

48 

4  FAML 

SAML 

FAH 

1  | 

1.17 

1  .58 

1  .69 

69 

223 

64 

59 

1  40 

38 

1  .17 

1  .58 

1  .63 

64 

216 

65 

55 

136 

39 

Average 

1 

67 

* 1 

67 

<2 

5  FAML 

SAML 

FAH 

I 

1  .  58 

1  .55 

1  .69 

119 

293 

63 

75 

188 

37 

1  .54 

1.55 

1  .63 

114 

286 

63 

73 

184 

38 

Average 

86 

82 

88 

83 

OVERALL 

A  V  ERA  G  E 

76 

47 

76 

47 

'Weighted  for  number  of  airfields  per  theater. 
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Table  21  (cont'd  . ) 
Two-Membrane  Systems 


Classes  -*■ 

17-10 

17-7 

Mr- 

Cost 

Cost-effect 

. 

Cost 

Cost-effect. 

Theater  field 

Effect. 

$1000 

$1000 

Effect . 

$1000 

$1000 

1 

FAML 

1.28 

63 

49 

1.24 

51 

41 

SAML 

1 .43 

239 

167 

1 .43 

239 

167 

FAN 

1.69 

72 

43 

1 .46 

79 

54 

Average 

79 

50 

82 

67 

2 

FAML 

1.27 

60 

47 

1.62 

111 

68 

SAML 

1 .47 

1  60 

109 

1.50 

142 

94 

FAH 

1.69 

1  68 

40 

1.46 

76 

52 

Average 

71 

44 

i 

83 

56 

3 

FAML 

1.66 

70 

42 

1.40 

59 

42 

SAML 

1  .45 

1  68 

115 

1  .49 

149 

100 

FAH 

1  .69 

70 

41 

|  1.46 

77 

53 

Average 

75 

45 

' 

i 

78 

63 

4 

FAML 

1.17 

69 

59 

1.62 

127 

78 

SAML 

1  .35 

182 

133 

1.38 

164 

118 

FAH 

1 

1  .69 

64 

38 

i  I-*6  l 

73 

50 

Average 

67 

41 

|  | 

78 

63 

5 

FAML 

1.52 

1  104 

68 

|  1 

1.64 

1 

122 

74 

SAML 

1.18 

233 

198 

1.20  ! 

214 

178 

FAH 

1.69 

63 

37 

1  .46 

72 

49 

Average 

BO 

52 

l 

89  | 

61 

OVERALL 

AVERAGE 

| 

73 

46 

1 

1 

! 

81 

55 

Table  22 


Three-Membrane  Systems 


l Classes 

-¥ 

21-9-5 

21-9-6 

Air¬ 

field 

Cost 

Cost-effect. 

Cost 

Cost-effect. 

Theater 

Effect. 

$1000 

$1000  Effect. 

$1000 

$1000 

1 

FAML 

1  .37 

58 

42 

1.37 

58 

42 

SAML 

1.55 

357 

229 

1.55 

357 

229 

FAH 

1  .73 

72 

41 

1  .63 

72 

41 

Average 

\ 

83 

61 

83 

61 

2 

FAML 

1.36 

55 

40 

1  .36 

55 

40 

SAML 

1.61 

167 

103 

1.60 

170 

106 

FAH 

1  .73 

68 

39 

1.63 

68 

39 

Average 

71 

42 

71 

42 

3 

FAML 

1.27 

62 

49 

1.29 

65 

50 

SAML 

1  .61 

175 

109 

1.60 

179 

111 

FAH 

1  .73 

70 

40 

1.63 

70 

40 

Average 

» 

46 

76 

46 

4 

FAML 

SAML 

FAH 

1.27 

1  .60 

1  .73 

,  64 

I  216 

65 

50 

135 

37 

1.27 

1.59 

1.63 

64 
201 

65 

50 

126 

37 

Average 

*7 

40 

67 

39 

5 

FAML 

1  .57 

104 

66 

1.57 

106 

67 

SAML 

1.56 

264 

169 

1.55 

268 

172 

FAH 

1.73 

63 

36 

1.63 

63 

36 

Average 

. 

82 

, 

48 

. 

83 

50 

OVERALL 

AVERAGE 

76 

46 

76 

1 

46 

*Ueighted  for  number  of  airfields  per  theater. 
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Table  22  (cont'd.) 
Three-Membrane  Systems 


Classes 

21-10- 

5 

21-10- 

6 

Air¬ 

Cost 

Cost-effect 

• 

Cost 

Cost-effect. 

Theater 

field 

Effect. 

$1000 

$1000 

Effect. 

$1000 

$1000 

' 

1 

FAML 

1.36 

63 

46 

1.36 

63 

46 

SAML 

1  .55 

3  57 

229 

1.55 

357 

229 

FAH 

1.77 

72 

41 

1.77 

72 

41 

Average 

84 

SI 

84 

61 

2 

FAML 

1.35 

60 

44 

1.35 

60 

44 

SAML 

1.61 

167 

103 

1.60 

170 

106 

FAH 

1  .77 

68 

38 

1.77 

68 

38 

Average 

71 

42 

71 

42 

3 

FAML 

1  .27 

62 

49 

1.29 

65 

50 

SAML 

1  .61 

175 

109 

1.60 

179 

111 

FAH 

1.77 

70 

39 

1.77 

70 

39 

Average 

76 

46 

75 

46 

4 

FAML 

1.25 

69 

55 

1.25 

69 

->5 

SAML 

1.60 

223 

139 

1.59 

201 

126 

FAH 

1.77 

64 

36 

1.77 

64 

36 

Average 

67 

88 

| 

67 

39 

5 

FAML 

1.61 

1  06 

66 

1.61 

108 

67 

SAML 

1.56 

254 

169 

t  1.55 

268 

172 

FAH 

1.77 

63 

35 

1.77 

63 

35 

Average 

82 

48 

83 

49 

OVERALL 

AVERAGE 

76 

44 

75 

44 
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Tabl e  22  (cont'd. ) 
Three-Membrane  Systems 


C 1  a  s  s  es 

-*• 

17-10-7 

Air- 

Cost-effect. 

Theater 

field 

: 

$1000 

1 

y  * 

m 

51 

41 

urn 

mjm 

239 

167 

FAH 

H 

79 

54 

A 

veraga 

82 

&7 

2 

FAMt 

1.35 

60 

44 

SAHL 

1 .  50 

142 

94 

FAH 

1.46 

76 

52 

A 

verage 

77 

53 

3 

FAML 

1.40 

59 

42 

SAML 

1.49 

149 

100 

FAH 

1.46 

77 

53 

A 

ve rage 

78 

S3 

4 

FAML 

1.25 

69 

55 

SAHL 

1.38 

164 

118 

FAH 

1.46 

73 

50 

A 

)erage 

74 

SI 

5 

FAML 

1.58 

96 

60 

SAML 

1.20 

214 

178 

FAH 

1.46 

72 

49 

Average 

_ 1 _ 

84 

SB 

OVERALL 

AVERAGE  78  S4 
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TWO-MEMBRANE  SYSTEMS 


150.  A  summary  of  cost-effectiveness  data  for  seven 
different  two-membrane  systems  Is  presented  In  Table  21. 
The  most  cost-effective  two-membrane  systems  are  classes 
21-9  and  21-10,  which  are  nearly  Identical  In  total  cost 
and  effectiveness.  Preference  Is  given  to  the  21-10 
combination  because  It  Includes  existing  T-17  membrane. 

The  17-10  combination  (WX-18  and  T-17)  would  be  optimum 
except  for  the  restrictions  on  SAME  fields  In  two  theaters 
(see  par.  149) . 


THREE-MEMBRANE  SYSTEMS 


151.  The  cost  and  cost-effectiveness  numbers  Indicate  that 
the  best  three-membrane  systems  (Table  22)  are  21-10-5 
and  21-10-6,  which  are  very  nearly  Identical.  Perhaps 
preference  should  be  given  to  the  21-10-6  combination  since 
duty  class  6  Is  nearly  equivalent  to  the  strength  of  T - 1 2 
membrane  (class  10  corresponds  with  T-17  In  both  cases). 
Close  runners-up  for  a  second  candidate  system  are  the 
nearly  identlflcal  21-9-5  and  21-9-6  combinations.  If  the 
limitations  Imposed  by  class  17  membrane  on  SAML  airfields 
In  two  theaters  (par.  149)  are  acceptable,  then  classes 
17-10-7  (WX-18,  T-17,  T-12)  would  constitute  a  less 
desirable  third  choice. 


EXTRA-LIGHT  DUTY  CLASS  FOR  NON-TRAFFIC  AREAS 

152.  As  discussed  In  Chapter  III,  paragraph  120,  a  separate 
extra-light  duty  class  Is  contemplated  for  use  under  landing 
mat  and  on  non-traffic  areas.  The  specific  characteristics 
of  this  class  require  additional  study,  but  strength, 
weight,  and  cost  will  be  considerably  less  than  for  the 
lightest  acceptable  duty  class  for  traffic  areas. 
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VI.  MEMBRANE  DEVELOPMENT  PLAN  (PHASE  III) 


THE  QUESTION 

153.  In  answer  to  the  basic  question  posed  by  the  study 
objective,  the  results  of  Phase  II  (Chap.  V)  clearly 
Indicate  that  a  family  of  membranes  will  significantly 
reduce  tonnage  and  overall  cost  of  membrane  and  accessories 
required  to  provide  expedient  surfaclngs  for  airfields  In 
theaters  of  operation.  For  airfield  traffic  areas,  the  best 
two-membrane  system  (classes  21  and  10)  offers  a  57  percent 
reduction  In  cost  and  a  62  percent  reduction  In  tonnage  when 
compared  with  the  optimum  single-membrane  system  (class  21). 
The  optl  mum  three-membrane  system  (class  21-10-6)  offers  a 
58  percent  reduction  In  cost  and  a  63  percent  reduction  In 
tonnage  when  compared  with  the  single-membrane  system;  and 
compared  with  the  two-membrane  system,  the  reduction  In  cost 
and  tonnage  Is  1.2  percent  and  1.7  percent,  respectively. 

The  only  question  remaining  Is  whether  to  adopt  the  two-  or 
three-membrane  system  since  the  difference  between  them  Is 
smal  1  . 


CONSIDERATIONS 

154.  The  choice  of  a  two-  or  three-membrane  system  Is 
complicated  by  several  factors: 

a)  No  attention  has  been  given  to  the  disadvantages 
or  Increased  logistical  costs  involved  in  storing.  Issuing, 
and  maintaining  mul  tl -membrane  systems.  It  was  assumed  at 
the  outset  that  these  effects  would  be  small  and  therefore 
negl  Iglble. 

b)  If  the  Inspection  policy  Is  relaxed  on  only  two 
support  area  medium  lift  airfields  out  of  36  airfields  In 
all  theaters,  both  the  two-membrane  and  three-membrane 
systems  could  be  made  up  entirely  of  current  and  previous 
membranes,  l.e.,  classes  17  and  10  (WX-18,  T-17)  or 
classes  17,  10,  and  7  (WX-18,  T-17,  T-12).  The  three- 
membrane  system  would  cost  ibout  7  percent  more  than  the 
two-membrane  system. 

c)  A  point  to  consider  with  regard  to  lowering  the 
heaviest  duty  class  from  21  to  17  on  the  suppor:.  area 
airfields  Is  that  the  24-wheel  main  gear  of  the  C-5A 
aircraft  may  Impose  higher  loading  on  the  membrane  than 
that  predicted  by  the  TECOM  formula  (par.  20). 
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d)  The  placement  rate  for  class  17  (WX-18)  is 
marginal  when  compared  with  the  QMR.  For  class  21,  the 
placement  rate  would  clearly  not  meet  the  QMR  unless  a  new 
material  Is  found  with  the  same  strength  but  lighter  weight. 

e)  Class  21  would  be  more  applicable  for  emergency 
use  on  rear  area  fields  (normally  mat  covered)  than 
class  17. 

f)  The  three-membrane  system  offers  a  3.5  percent 
savings  In  cost  over  the  two-membrane  system  In  Theater  5 
and  a  5  percent  avlngs  In  Theater  3.  These  theaters  are 
representative  of  limited  and  anti-guerrilla  warfare  likely 
to  be  encountered  In  the  1  975  time  frame. 

155.  The  following  assumptions  will  be  made: 

a)  The  difference  In  logistical  costs  between  a 
three-membrane  system  and  a  two-membrane  system  Is 
negligible. 

b)  Currently  available  membranes  should  be  used  If 
possible. 

c)  Inspection  policy  should  not  be  compromised. 

d)  Difference  In  cost  between  the  two-membrane  and 
three-membrane  systems  Is  significant  In  Theaters  3  and  5. 


THE  ANSWER 

156.  With  regard  for  traffic  areas  and  all  the  considera¬ 
tions  discussed  above,  there  Is  no  distinct  advantage  In 
the  three-membrane  system  over  the  two-membrane  system 
when  overall  theater  results  are  considered.  When  considered 
on  an  Individual  theater  basis,  the  three-membrane  system 
offers  a  significant  reduction  In  cost  In  two  theaters. 
Therefore,  a  three-membrane  system  with  characteristics 
listed  In  Table  23  Is  recommended.  Until  suitable  heavy 
and  light  duty  membranes  are  developed,  WX-18  and  T-12  may 
be  used  as  replacements  for  classes  21  and  6,  respectively. 


OTHER  MATERIALS 

157.  Since  most  of  the  field  experience  upon  which  this 
study  Is  based  was  obtained  with  neoprene-coated  nylon 
fabrics,  the  relative  merits  of  different  fabrics  or 
coatings  cannot  be  determined  directly.  However,  neoprene- 
coated  nylon  Is  the  most  suitable  membrane  material  tested 
to  date  at  WES  and  the  only  one  which  has  been  type- 
classified  as  Standard  A  by  the  Department  of  the  Army. 
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Table  23 


Recommended  Three-Membrane  System 


Duty  Class 

Tensile  Strength 

(Ib/in) 

Wei ght 

(lb/eq  yd) 

Remarks 

— 

( 21 )  Heavy 

3000-3100 

<6 

Requires  R&D 

(10)  Medium 

900-1000 

<4 

T - 1 7  or  equivalent 

(6)  Light 

550-650 

<2 

Requi  res  R&D  ,  <.  T-l  2 

I 


* 


* 
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158.  To  assist  In  evaluating  a  candidate  membrane  material, 
a  tradeoff  curve  of  initial  cost  versus  weight  (Fig.  20) 

has  been  developed  for  membrane  duty  class  21  when  applied 
to  support  area  airfields  In  Theater  3.  The  line  of  equal 
total  cost  effectiveness  Indicates  how  much  one  can  afford 
to  pay  for  materials  of  various  weights  but  with  strength 
and  performance  comparable  to  duty  class  21.  Mateilals 
which  fall  on  (or  near)  the  line  are  essentially  equivalent 
to  a  neoprene-coated  nylon  fabric  of  duty  class  21.  Those 
which  are  represented  by  a  point  to  the  left  or  below  the 
line  by  a  substantial  margin  are  "good  buys,"  while  those 
to  the  right  or  above  the  line  are  poor  Investments. 

159.  A  noteworthy  observation,  based  on  the  limited  data 
presented  in  Appendix  0,  Is  that  for  a  given  membrane 
strength  multiple  plies  of  lightweight  fabric  appear  to  be 
less  expensive  than  a  single  ply  of  heavy  fabric. 
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Initial  coit  in  1975  ($/sq  ft) 


QMR  Wt. 


Figure  20.  Initial  cost  vs.  weight  trade-off  for 
materials  equivalent  to  Heavy  Duty 
(class  21)  neoprene-coated  nylon  fabric 
membranes  (for  Support  Area  Medium  Lift 
Field  In  Theater  3  ) . 
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VII.  SUMMARY 


160.  Prefabricated  membrane  surfaclngs  provide  the  Army 
with  a  rapid  means  of  waterproofing  and  dustproofing 
airfield  runways,  taxlways,  parking  areas,  helipads,  and 
airfield  roads.  The  membrane  may  be  used  for  this  purpose 
under  landing  mats  or,  where  soil  strength  Is  adequate,  as 
the  main  wearing  surface.  Use  of  the  membrane  enables 
In-sltu  soil  strength  to  be  maintained,  reducing  airfield 
construction  and  maintenance  effort  required,  and  provides 
dust  control,  reducing  safety  hazards  to  aircraft  operation 
and  airfield  detection. 

161.  Since  World  War  II,  prefabricated  membranes  of 
several  designs,  materials,  weights,  and  strengths  have 
reached  various  stages  of  development  from  simple  laboratory 
tests  to  field  use.  One,  T-17,  has  been  type-classified  as 
Standard  A  by  the  Department  of  the  Army  and  has  seen 
service  In  Vietnam.  A  DA  approved  QMR  for  Prefabricated 
Airfield  Surfaclngs  has  been  developed  which  lists  the 
desired  functional  characteristics  of  three  classes  of 
membranes.  The  objective  of  this  study  was  to  provide  a 
basis  for  deciding  whether  to  develop  a  family  of  membranes 
of  various  weights,  or  a  single  membrane  of  optimum  weight, 
to  satisfy  military  requirements  for  membrane  as  set  forth 
In  the  QMR. 

162.  To  accomplish  the  overall  objective,  the  study  was 
divided  Into  three  major  phases: 

a)  Phase  I  -  a  trade-off  analysis  to  determine  the 
effect  on  membrane  cost  and  mission  effectiveness  resulting 
from  specific  changes  to  the  QMR. 

b)  Phase  II  -  a  cost  effectiveness  analysis  to 
determine  the  most  cost  effective  membrane,  or  combination, 
from  those  currently  available  that  are  capable  of 
satisfying  the  QMR. 

c)  Phase  III  -  a  membrane  development  plan  to  meet 
the  study  objective. 

163.  Three  families  of  membranes  Involving  one,  two,  and 
three  membrane  weights  (duty  classes),  respectively,  were 
examined  for  use  on  airfield  traffic  areas.  Each  family 
was  optimized  for  five  theater  scenarios.  Three  alterna¬ 
tive  policies  for  deploying  a  given  optimum  family  on  a 
glyen  class  of  airfield  were  considered  by  dividing  the 
airfield  Into  three  sub-areas:  runway  ends,  runway  center, 
and  taxi-park.  A  fourth  duty  class  was  considered  for  use 
on  non-traffic  areas  and  under  landing  mats. 
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164.  Data  on  membrane  performance,  airfields,  and  aircraft 
were  obtained  from  technical  bulletins,  manuals,  and  data 
packages  supplied  by  WES.  Standard  planning  rates  for 
military  personnel  costs  and  shipping  costs  were  supplied 
by  AMC.  Data  on  five  theater  scenarios  were  obtained  from 
CDC.  Where  required  data  were  not  available,  estimates 

and  assumptions  were  made  necessary  and  Indicated  as  such. 

165.  The  criteria  for  membrane  effectiveness  were  based  on 
a  suboptimization  at  the  airfield  effectiveness  level, 
without  feedback  into  larger  aerial  surveillance,  transport, 
and/or  combat  systems.  Membrane  effectiveness  was  defined 
in  terms  of  availability,  placement  rate,  and  service  life, 
weighted  seven,  two,  and  one,  respectively. 

166.  From  the  available  data,  mathematical  models  were 
developed  for  membrane  performance,  runway  downtime, 
availability.  Inspection  frequency,  maintenance  man-hours, 
placement  rate,  service  life,  effectiveness,  and  life  cycle 
costs.  Including  initial,  shipping  (air  and  surface  mode), 
placement,  maintenance,  recovery,  and  retroshlpment  costs. 
Appropriate  computer  programs  were  developed  to  provide 

the  required  Information  on  required  membrane  areas,  tonnage, 
effectiveness,  costs,  and  cost  effectiveness  for  one-.  two-, 
and  three-membrane  systems  In  five  theaters  of  operation. 

167.  Minimum  membrane  strengths  necessary  to  meet  QMR 
availability,  maintenance  man-hours,  and  service  life  were 
calculated  for  one-,  two-,  and  three-membrane  families 
with  three  different  deployment  plans  for  each  airfield  In 
each  theater  of  operations.  Placement  rate  was  considered 
to  be  dependent  upon  the  weight  associated  with  the 
minimum  required  strength.  The  total  number  of  membrane 
strengths  required  was  divided  Into  21  numbered  classes. 

168.  Suboptimized  one-,  two-,  and  three-membrane  systems 
were  selected  by  determining  the  membrane  combinations 
which  resulted  in  minimum  overall  system  weight.  These 
were  class  21,  classes  21  and  7,  and  classes  21,  9,  and  7. 
Since  most  membrane  cost  elements  are  a  function  of  weight, 
this  suboptimization  effectively  reduced  the  number  of  duty 
classes  to  be  examined  to  a  small  number  of  perturbations 
about  the  three  systems.  The  optimum  one-,  two-,  and 
three-membrane  systems  for  airfield  and  heliport  traffic 
areas  were  class  21,  class  21-10,  and  class  21-10-6, 
respectively.  The  optimum  two-membrane  system  offered  a 

57  percent  reduction  In  cost  and  a  62  percent  reduction  In 
tonnage  when  compared  to  the  single-membrane  system.  There 
was  no  significant  difference  in  cost  and  effectiveness 
between  the  two-  and  three-membrane  systems  when  considered 
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on  an  overall  theater  basis.  When  considered  on  an 
Individual  theater  basis,  however,  the  cost  saving  of 
class  21-10'S  over  21-10  rose  to  3.5  percent  for  Theater  5, 
and  5  percent  for  Theater  3.  This  was  considered  to  be  a 
significant  difference,  especially  since  these  theaters  are 
typical  of  limited  and  anti -guerrl  1 1  a  warfare  which  may  be 
encountered  In  the  1975  time  frame.  Therefore,  a  three- 
membrane  system,  classes  21,  10,  and  6,  was  recommended 
for  traffic  areas. 

169.  Class  21,  with  a  mean  tensile  strength  of  3000  to 
3100  pounds  per  Inch,  has  not  been  developed.  Until 

class  21  becomes  available,  class  17  (equivalent  to  existing 
WX -18)  may  be  used.  Class  10  Is  equlvrlent  to  the 
Standard  A  membrane,  T - 1 7 .  Class  6  Is  very  nearly 
equivalent  to  a  former  experimental  membrane,  T-12. 
Additional  research  Is  needed  to  establish  a  performance 
model  for  extra-light  duty  membrane  for  use  In  non-traffic 
areas  and  under  landing  mat.  However,  past  experience  has 
Indicated  that  this  duty  class  need  not  exceed  class  3 
( equl val ent  to  T-l 6) . 

170.  In  conclusion,  the  results  of  this  study  clearly 
Indicate  that  significant  savings  In  membrane  system  costs 
can  be  realized  by  adopting  a  family  of  membranes  rather 
than  a  single  membrane  of  optimum  weight. 

171.  It  Is  recommended  that  development  continue  on  the 
three-membrane  system  for  traffic  areas  as  outlined  above. 

It  Is  also  recommended  that  research  and  development  begin 
on  an  extra-light  duty  membrane  for  use  on  non-traffic 
areas  and  under  landing  mats. 
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APPENDIX  A 


UAL ITATI VE  MATERIEL  REQUIREMENT  FOR 


Department  of  the  Army  Approved 
Qualitative  Materiel  Requirements 
for  Prefabricated  Airfield  Surfacings 

Section  I  -  Statement  of  Requirement 

1.  Statement  of  Requirement 

Prefabricated  or  expedient  airfield  surfacings  are  required  to  pro¬ 
vide  the  Army  with  improved  capability  to  produce  the  required  aircraft 
landing  facilities,  in  theaters  of  operation,  which  are  essential  for  support 
of  air  mobility  concepts.  Economy  in  logistics  and  costs  and  flexibility  in 
design  of  landing  facilities  can  best  be  provided  by  development  of  mats  and 
membranes.  The  landing  mats  will  provide  a  bearing  surface  capable  of  sup¬ 
porting  specified  aircraft  loadings  on  low  strength  soils.  Use  of  the  matting 
will  greatly  reduce  the  time  and  engineer  effort  required  to  construct  air¬ 
fields  by  substantially  reducing  the  need  for  subgrade  preparation  and  by 
providing  a  surface  which  can  be  rapidly  emplaced.  The  membranes  will  pro¬ 
vide  a  rapid  means  of  waterproofing  and  dustproofing  runways  and  taxiways 
in  areas  where  soil  strength  is  adequate  and  of  waterproofing  subgrades  be¬ 
neath  landing  mats.  Use  of  the  membranes  will  enable  in-situ  soil  strength 
to  be  maintained,  reducing  airfield  construction  and  maintenance  effort  re¬ 
quired,  and  provide  dust  control,  reducing  safety  hazards  to  aircraft 
operation  and  airfield  detection.  It  is  desirable  that  these  membrane  re¬ 
quirements  be  me1-,  by  &  single  membrane.  All  surfacings  will  be  lightweight, 
consistent  with  meeting  operational  requirements,  reusable  without 
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re  nab  ili  tat  ion  if  undamaged,  and  packaged  for  ease  of  handling.  The  land¬ 
ing  mats  and  membranes  will  be  of  such  superiority  to  warrant  replacement 
of  current  standard  items.  Army  engineer  units  or  groups  of  indigenous 
personnel  under  Army  engineer  supervision  will  use  the  surfacings  to  im¬ 
prove  existing  airfields  or  to  construct  new  airfields  in  all  areas  of  the 
world  where  operations  require  airfield  support.  (TF:  JO)  (CDOG  para  639b 
(2))  (Approved  14  Apr  66) 

Section  II  -  Operational,  Organizational  and  Logistical  Concepts 

2.  Operational  Concepts 

a.  Requirements .  The  proposed  airfield  surfacings  will  provide 
rapid  means  for  preparing  and/or  improving  airfields  and  landing  areas 
capable  of  accommodating  all  types  of  aircraft  in  support  of  military  opera¬ 
tions  including  strategic  and  tactical  lift  (inter-theater  and  intra¬ 
theater),  and  tactical  air  support.  The  surfaces  must  provide  all-weather 
operational  capability  and  be  capable  of  installation  during  all  times  ex¬ 
cept  when  the  proper  subgrade  conditions  cannot  be  obtained  or  maintained. 

The  landing  mat  must  be  capable  of  providing  operational  surfacing  for  two 
weeks  or  500  sorties  (sortie  -  one  takeoff  and  one  landing)  without  failure.  A 
typical  daily  ?4-hour  mission  for  an  airfield  is  36  sorties.  The  membrane 
must  be  capable  of  providing  operational  surfacing  for  two  weeks  or 
100  sorties  without  failure.  A  typical  daily  2^ -hour  mission  for  a  membrane 
surfaced  airfield  is  seven  sorties.  The  method  of  construction  and  mate¬ 
rials  used  will  provide  for  the  suppression  of  dust  to  the  extent  that 
visual  detection  and  adverse  effects  on  aircraft  maintenance  will  be  reduced. 
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b .  Operational  Information. 

(l)  Planned  deployment .  The  proposed  materiel  is  essential 
to  the  successful  conduct  of  air  operation  within  any  theater  of  operations. 
The  airfield  surfacings  may  be  utilized  to  support  air  operations  in  any 
land  area  of  the  world;  nowever,  primary  use  is  expected  to  be  in  the  under¬ 
developed  areas  where  airfields  are  either  nonexistent  or  inadequate.  The 
surfacing  will  also  be  used  to  repair  damage  of  existing  airfields  with 
like  surfacings.  Adoption  of  this  materiel  will  provide  significant  re¬ 
ductions  in  logistical  tonnages  and  man-hours  of  installation  and  maintenance 
effort  required.  The  proposed  surfacings  will  be  installed  primarily  by 
Army  engineer  combat  and  construction  battalions  or  trained  indigenous 
personnel,  under  supervision  of  Army  engineers. 

(?)  Turnaround  time.  Predicted  turnaround  time  is  unknown. 
Turnaround  time  is  the  time  needed  to  remove,  inspect  for  reuse,  reprovlslon, 
and  install  at  another  site. 

(3)  Reaction  time.  Reaction  time  is  the  time  needed  to  in¬ 
spect  the  airfield  surface  to  determine  if  an  aircraft  can  take  off  or  land 
without  damage.  The  reaction  time  will  not  exceed  ten  minutes  per  landing 
or  takeoff.  Normally,  the  suitability  of  the  airfield  to  perform  a  typical 
2^-hour  mission  will  be  determined  during  a  daily  (l  hour  essential)  (30 
minutes  desired)  visual  inspection  of  the  runway  surface.  The  daily  visual 
inspection  will  be  performed  from  a  moving  ground  vehicle  driving  up  one 
side  and  down  the  other  side  of  the  runway  with  intermediate  stops  as 
necessary. 
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(U)  Service  life.  The  surfacing  will  have  a  service  life  of 


not  less  than  six  months  or  equivalent  sorties  with  not  more  than  a  10  per¬ 
cent  replacement  of  materiel  due  to  failures. 

(5)  Availability.  It  is  desired  that  operational  availability 
be  at  least  93  percent,  with  15  percent  replacement  parts  (AR  700-19). 

(6)  Reliability.  The  materiel  shall  demonstrate  a  Mean  Time 
Between  Failures  (MTBF)  of  not  leas  than  two  weeks  or  equivalent  sorties. 

A  failure  is  defined  for  the  purposes  of  computing  MTBF  as  a  repair  necessary 
to  restore  performance  to  within  Units  indicated  herein  and  requiring  greater 
than  man-hours  of  total  effort  by  personnel  from  an  Engineer  Platoon  of 
the  Airmobile  Divisional  Engineer  Battalion. 

(7)  Durability.  Surfacing  materiel  shall  without  failure 
complete  the  following  initial  operations  requirement  of  500  sorties  for 
mat  and  100  sorties  for  membrane. 

3.  Organizational  and  Logistical  Concepts 

a.  The  size  and  numbers  of  the  installing  crews  will  be  consistent 
with  construction  requirements  and  the  time  factors  dictated  by  operational 
requirements. 

b.  The  proposed  surfacings  will  be  Class  IV  supply  items. 

c.  Specific  quantities  required  will  be  determined  after  completion 
of  the  current  U.  S.  Army  Combat  Developments  Command  Study,  Airfield  Con¬ 
struction  Requirements,  Theater  of  Operations  1967-1970. 
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Section  III  -  Justification,  Feasibility  and  Priority 


k.  Reason  for  the  Requirement 

Tne  requirements  for  air  support  to  ground  combat  operations  have 
increased  significantly  end  are  continuing  to  grow.  Present  planning  in 
botn  general  and  limited  war  situations,  and  for  sustained  ground,  airborne 
and  airmobile  operations,  call  for  an  unprecedented  volume  of  Air  Force 
and  Army  aircraft  for  such  air  missions  as  inter-theater  strategic  lift, 
close  tactical  support,  air  assault  operations,  intra-theater  airlift  in 
an  air  line  of  communications  (ALOC),  and  intra-division  airlift  to  front 
line  units.  Additionally,  the  concept  of  total  air  mobility  as  developed 
by  the  Army  Tactical  Mobility  Requirements  Board  will  create  many  new  air¬ 
craft  missions  within  the  front  line  division  area.  Current  Army  construc¬ 
tion  capabilities  in  support  of  these  concepts  are  not  compatible  with 
requirements  in  terms  of  time  and  geographical  areas  of  employment.  Con¬ 
cepts  dictate  that  airfields  be  readied  in  the  early  stages  of  troop 
deployment  in  airmobile  operations  and  that  airfields  be  located  in  proximity 
to  the  supported  forces  tnereby  ensuring  that  the  mobility  of  the  Army  force 
is  consistent  with  strategic  and  tactical  objectives.  Current  airfield  sur¬ 
fs  jing  methods  require  either  the  selection  of  a  site  where  the  CBR  of  the 
soil  will  sustain  aircraft  loadings  or  the  extensive  preparation  of  the  sub- 
grade  to  acnieve  necessary  soil  strengths.  In  many  areas  of  the  world 
vnere  deployment  of  U.  S.  airmobile  forces  is  foreseen,  required  airfields 
dfl  not  exist,  are  too  few  in  number,  or  cannot  sustain  the  loadings  of 
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supporting  aircraft.  Also,  construction  materials  for  preparation  of  air¬ 
field  subgrades  and  surface  are  not  available  or  necessitate  disproportionate 
demands  for  time  and  effort  to  locate,  process,  transport,  emplace  ind 
compact  granular  materials  for  airfield  base  construction.  Current  military 
systems  (PSP,  M6,  M8,  and  M9  mats)  due  to  weight  and  load  bearing  charac¬ 
teristics  and  conventional  methods  of  constructing  airfields  do  not  permit 
the  development  of  air  landing  facilities  for  airborne  and  airmobile  forces 
throughout  the  world  on  a  selective  basis  within  envisioned  time  parameters. 
Without  the  construction  capability  to  support  airborne  and  airmobile  forces 
their  employment  is  seriously  Jeopardized  if  not  totally  prevented.  This 
proposed  system  will  facilitate  the  construction  envisaged. 

a.  The  time  phasing  of  this  requirement  is  immediate  in  relation¬ 
ship  to  present  material  and  capabilities.  This  requirement  satisfies 
immediate  and  long-range  objectives . 

b.  The  requirement  for  this  type  materiel  is  supported  in  CDOC 
paragraph  639b (2). 

c.  References  which  support  this  requirement  are: 

(1)  ’J.  S.  Army  Tactical  Mobility  Requirements  Board  Final 
Report,  August  1962. 

(2)  Final  Report  of  Joint  Exercise  SWIFT  STRIKE  III, 

20  November  1963. 

(3)  Army  Air  Mobile  Evaluation,  Headquarters,  U.  S.  Army 
Combat  Developments  Command,  15  February  1965. 
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5.  Technical  Feasibility 


It  is  tecnnically  feasible,  as  stated  in  Appendix  I,  to  develop 
tfte  airfield  surfacings  vnicn  will  satisfy  tne  requirements  of  -his  QMR. 

6.  Priority 

Thi<'i  QMR  is  assigned  Priority  I,  functional  group  4  Tactical  Move¬ 
ment,  Appendix  C,  CDOG. 


Section  IV  -  Characteristics 

7.  Performance  Characteristics 

a.  It  is  essential  that  the  landing  mats  for  the  variou? 
c'assiiications: 

(1)  Be  capable  of  being  directly  Installed  upon  graded  subgrades. 

(2)  Be  capable  of  withstanding  the  aircraft  loading  conditions 
shown  on  Incls  1  and  2. 

(3)  Be  capable  of  withstanding  coverages  and  loads  shown  on 
Incls  1  and  2,  with  a  mavimum  of  10  percent  replacement. 

(4)  Be  capable  of: 

a.  Heavy  duty  mats  will  withstand  aircraft  operations  to 
include  maximum  takeoffs  using  afterbumec  These  matB  shall  withstand  blast 
effects  of  700  F  for  10  seconds. 

b.  Medium  duty  mats  will  withstand  aircraft  operations  to 
include  maximum  takeoffs  using  afterburner.  These  mats  shall  withstand  blast 
effects  of  300  F  for  5  seconds. 
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c.  Light  duty  mats  shall  withstand  C-130  aircraft  assault 
landings  utilizing  maximum  vneel  braking  and  reverse  thrust  procedures. 

d.  Surfacing  at  locations  of  arresting  cables  and  arresting 
nook  impacts  are  subject  to  unusual  loadings  end  impact  effects  and  are  con¬ 
sidered  critical  areas.  Special  surfacing  will  be  provided  when  heavy  and 
medium  duty  mats  do  not  meet  the  requirements  listed  below  for  critical 
areas  of  runways  surfaced  with  neavy  or  medium  duty  mats. 

1.  Surfacing  for  critical  areas  of  heavy  duty  mat 
surfaced  runways  will  withstand  five  F4  tailhook  impacts  of  80  knot*,  at 
equivalent  18  FPS  sink  speed  at  the  same  location  without  structural  failure 
due  to  rupture  of  the  top  surface  of  the  mat. 

?.  Surfacing  for  critical  areas  of  heavy  duty  mat 
surfaced  runways  will  withstand  ?0  roll-over  loadings  on  a  l-in.-diam 
arresting  cable  with  a  50,000-lb  wheel  load,  having  a  nominal  tire  contact 
area  of  200  sq  in.  and  a  tire-inflation  pressure  of  250  psi,  without 
structural  failure  due  to  rupture  of  the  top  surface  of  the  mat. 

3.  Surfacing  for  critical  areas  of  medium  duty  mat 
surfaced  runways  will  withstand  two  F4  tailhook  impacts  of  80  knots  at 
equivalent  18  FPS  sink  speed  at  the  same  location  without  structural  failure 
due  to  rupture  of  the  top  surface  of  the  mat. 

4.  Surfacing  for  critical  areas  of  medium  duty  mat 
surfaced  runways  will  withstand  20  roll-over  loadings  on  a  l-in.-diam 
arresting  cable  with  a  25,000-lb  wheel  load,  having  a  nominal  tire-contact 
area  of  100  sq  in.  and  tire-inflation  pressure  of  250  psi  without  structural 
failure  due  to  rupture  of  the  top  surface  of  the  mat. 
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(5)  Be  so  designed  so  as  to  not  cause  damage  to  waterproofing 
or  dustproofing  treatment  applied  to  the  subgrade,  or  desirably,  inherently 
provide  waterproofing  and  dustproofing  of  the  underlying  soil  surface. 

(6)  Be  capable  of  withstanding  ambient  temperature  variations 
in  accordance  with  paragraph  Jc  of  AR  705-15,  change  1,  without  deformation 
of  sucn  magnitude  as  to  interfere  with  assembly  and  operations. 

(7)  Possess  a  surface  which  provides  effective  braking  with 

a  Runway  Condition  Reading  (RCR)  of  13-??  for  aircraft  landings  and  control 
during  all  ground  operations,  under  conditions  specified  in  AFR  60-13  and  in 
paragraph  7a,  b,  and  c  of  AR  705-15,  change  1. 

(8)  Resist  adverse  effects,  when  installed  operationally,  re¬ 
sulting  from  exposure  to  POL  spillage,  downwash  from  helicopters,  and  wheel 
vehicle  traffic. 

(9)  Be  capable  of  storage  and  air  transit  under  conditions 
stated  in  paragraph  7.1a,  b,  and  d  of  AR  705-15,  change  1:  for  closed 
storage,  ten  years;  for  open  storage,  five  years  without  adverse  effects 
upon  the  system  components. 

(10)  Possess  a  service  life  of  not  less  than  six  months  or 
6000  sorties  with  not  more  than  a  10  percent  replacement  of  material  due 
to  failures. 

(11)  Possess  an  operational  availability  of  at  least  93  percent, 
witn  15  percent  replacement  parts  (AR  700-19). 

(12)  Possess  reliability  that  the  Mean  Time  Between  Failures 
(MTBF)  shall  be  not  less  than  two  weeks  or  500  sorties.  A  failure  is  defined 
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for  the  purpose  of  computing  KHIF  as  a  repair  necessary  to  restore  performance 
to  within  limits  indicated  herein  and  requiring  greater  than  2U  nan-hours 
of  total  effort  by  personnel  from  an  Engineer  Platoon  of  the  Airmobile 
Divisional  Engineer  Battalion. 

(13)  Possess  a  durability  which  will  enable  the  mats  to  sustain 
500  sorties  of  initial  operations  without  failure, 
b.  It  is  essential  that  the  membranes: 

(l)  Be  capable  of  being  directly  installed  upon  graded  subgrades. 

(?)  Possess  a  surface  which  provides  effective  braking  with  a 
Runway  Condition  Reading  (RCR)  of  13-25  for  aircraft  landings  and  control 
during  all  ground  operations,  under  conditions  specified  in  AFR  60-13  and 
paragraph  7a,  b,  and  c  of  AR  705-15 >  change  1. 

(3)  Be  capable  of  withstanding  wheel  loads  without  destruction 
of  waterproof  properties  when  laid  on  soils  capable  of  supporting  these 
wheel  loads,  or  when  placed  underneath  landing  mat,  see  Inc.  3. 

(4)  Resist  adverse  effects,  when  installed  operationally, 
resulting  from  exposure  to  POL  spillage,  helicopter  downwash,  and  wheel 
vehicle  traffic. 

(5)  Be  capable  of  storage  and  air  transit  under  conditions 
stated  in  paragraph  7-la,  b,  and  d  of  AR  705-15;  change  1:  for  closed 
storage,  five  years;  for  open  storage,  three  years  without  adverse  effects 
upon  the  system  components. 

(6)  Be  capable  of  withstanding  ambient  temperature  variations 
in  accordance  with  paragraph  7c  of  AR  705-15,  change  1,  without  elongation 

or  contraction  of  such  magnitude  as  to  interfere  with  assembly  and  operations. 
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(7)  Be  readily  repairable  in  the  field  under  conditions  as 
specified  in  paragraph  7a  and  b  of  AR  705-15>  change  1. 

(8)  Possess  a  service  life  of  not  less  than  six  months  or 
1200  sorties  with  not  more  tna.’i  x  10  percent  replacement  of  material  due 
to  failure. 

(9)  Possess  an  operational  availability  of  at  least  93  percent 
assuming  adequate  logistical  support. 

(10)  Possess  reliability  that  the  Mean  Time  Between  Failures 
(MTBF)  shall  be  not  less  than  two  weeks  or  100  sorties.  A  failure  is  de¬ 
fined  for  the  purposes  of  computing  MfBF  as  a  repair  necessary  to  restore 
performance  to  within  limits  indicated  herein  and  requiring  greater  than 

man-hours  of  total  effort  by  personnel  from  a  Engineer  Platoon  of  an 
Airmobile  Divisional  Engineer  Eattalion. 

(ll.)  Possess  a  durability  which  will  enable  the  membrane  to 
6u6tain  initial  operations  of  100  sorties  without  failure. 

8.  Physical  Characteristics 

a.  It  is  essential  that  the  landing  mats: 

(1)  Be  as  lightweight  as  possible  consistent  with  other  require¬ 
ments,  and  weigh  as  shown  on  Incls  1  and  2. 

(2)  Be  capable  of  installation  by  trained  personnel  at  the 
rates  shown  on  Incl  1,  Table  3« 

(3)  Permit  replacement  of  an  individual  mat  panel  within  two 
hours  essential,  one  hour  desirable. 

(*0  Be  capable  of  placement  with  a  minimum  number  of  accessories 
and  special  tools. 
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(5)  Be  provided  with  a  simple  method  of  transition  and  laying 
from  runway  to  taxi  way  and  parking  aprons. 

(6)  Be  provided  with  an  adequate  system  of  anchoring  runways 
and  taxiways  to  prevent  movement,  lift,  and  not  cause  damage  to  aircraft 
tires. 

(7)  Be  capable  of  being  installed  directly  on  graded  subgrades 
with  maximum  crowns  of  3  percent,  longitudinal  grades  of  5  percent,  and  a 
maximum  longitudinal  grade  cnange  of  2  percent  in  100  ft. 

(8)  Individual  mats  be  of  sucn  size,  shape,  and  weight  to  be 
handled  by  two  men  (desirable  maximum  weight  -  100  lb,  essential  maximum 
weight  -  120  lb). 

(9)  Be  packaged  so  as  to  compliment  ground  transportation  and 
installation  and  for  ease  of  aircraft  transportation  in  accordance  with 
para  5a  of  A R  705-35- 

(10)  Be  provided  with  a  capability  which  will  allow  rapid  re¬ 
placement  of  buckled  (forced  together)  and  fozced  apart  panels  in  the  center 
of  the  runway  from  bomb  or  other  damage. 

(11)  Be  provided  with  components  which  will  permit  Joining 
light  duty  panels  to  medium  duty  panels,  and  medium  duty  panels  to  neav> 
duty  panels. 

(12)  (Desirable)  Be  provided  with  45-<leg  transition  connector 
panel  which  will  allow  construction  of  high  speed  taxiways. 

b.  It  is  essential  that  the  membranes: 
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(1)  Be  as  lightweight  as  possible  as  nhown  on  Incl  1,  Table  4. 

(2)  Be  capable  of  being  installed  by  trained  personnel  at 
the  rates  shown  on  Incl  1,  Table  5* 

(3)  Withstand  locked-wheel  braking  action  and  maximum  wheel 
braking  procedures  of  critical  aircraft. 

(4)  Be  packaged  to  facilitate  hand  laying  so  as  to  compliment 
ground  transportation  and  installation  and  for  ease  of  aircraft  transportation 
in  accordance  witn  para  5a  of  AR  705-35* 

(5)  Be  provided  with  suitable  anchoring  devices  which  will  not 
damage  the  membrane  or  tires. 

(6)  Be  capable  of  being  installed  directly  on  graded  subgrade# 
with  maximum  crowns  of  3  percent,  longitudinal  grades  of  5  percent,  and  a 
maximum  longitudinal  grade  change  of  2  percent  in  100  ft. 

9*  Maintenance  Characteristics 

a.  The  mats  and  membranes  shall  be  designed  to  minimize  maintenance. 
It  is  essential  that  maintenance  be  as  follows: 

(1)  Be  designed  to  facilitate  maintenance  accessibility  in  the 
field  environment  at  all  categories  so  that  required  maintenance  will  be 
performed  in  the  minimum  practicable  time  with  a  minimum  degree  of  skill, 
variety  of  tools,  test  equipment,  and  other  supplies. 

(2)  Be  designed  towards  minimisation  of  maintenance  by  utiliza¬ 
tion  of  the  most  reliable  components;  modular  construction;  built-in,  simple, 
failure  indicators;  and  other  technological  advances  in  components  and/or 
methods. 
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(3)  Be  designed  so  that  Individual  and/or  damaged  sections  of 
materials  may  be  removed  and  replaced. 

b.  Typical  maintenance  to  restore  performance  specified  herein 
will  consist  of  but  not  necessarily  be  restricted  to  the  following:  cleaning, 
inspecting  for  repairs,  alignment,  tightening  of  anchors,  patching,  replace¬ 
ment  of  damaged  mat  panels,  and  repair  of  nonskid  surface.  Maintenance 
performed  'shall  not  exceed  150  man-hours  per  month  by  personnel  from  an 
Engineer  Platoon  of  the  Airmobile  Divisional  Engineer  Battalion  for  the 
service  life  of  the  materials.  (Subgrade  failures  are  not  included  in  this 
paragraph. ) 

10.  Human  Engineering  Characteristics 

Human  factors  engineering  characteristics  of  the  system  will  include 
consideration  of  the  intellectual,  physical  and  psychomotor  capabilities  of 
the  intended  user. 

11.  Priority  of  Characteristics 

a.  Performance 

b.  Weight 

c.  Reliability  and  Durability 

d.  Transportability 

e.  Maintainability 

Section  V  -  Personnel  and  Training  Considerations 

12.  Quantitative  and  Qualitative  personnel  Considerations 

a.  The  system  will  be  installed  primarily  by  Army  engineer  units. 
However,  its  simplicity  of  emplacement  will  require  a  minimum  of  training 
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whereby  any  Army  unit,  or  indigenous  personnel,  could  install  and  maintain 
the  system. 

b.  No  new  MOS  will  be  required. 

c.  Although  a  savings  in  personnel  strengths  normally  associated 
with  airfield  construction  may  not  be  effected,  with  this  system  the  troop 
effort  required  to  prepare  base  courses  can  be  diverted  to  other  tasks,  and 
the  overall  airfield  construction  time  reduced. 

13.  Training  Considerations 

Training  for  actual  installation  and  maintenance  of  this  system  will 
be  negligible.  Preparation  of  the  ground  for  installation  of  this  system 
will  normally  be  by  Army  engineer  units  which  already  have  this  capability. 
Training  literature  on  the  repair  and  reuse  of  prefabricated  airfield  sur- 
facing  materials  is  required.  This  literature  should  cover  the  factors  to 
be  considered  in  evaluation  of  surfacing  for  reuse,  evaluation  methods  and 
procedures,  repair  techniques  and  methods,  repackaging  Information,  and  a 
basis  of  classification  of  prefabricated  airfield  surfacing  materials  for 
future  use. 


Section  VI  -  Associated  Considerations 
lU.  Training  Devices 

None  required.  Components  of  the  system  will  be  utilized  for 

training. 

15*  Related  Materiel 

No  change  in  present  items  of  supply  is  anticipated.  Similar  items 
of  supply  already  in  the  Army  supply  system  may  still  be  required  to  support 
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Army  aircraft  operations.  It  is  not  intended  that  this  system  be  capable 
of  inter-mix  usage  witn  current  standard,  similar  items  of  supply,  although 
this  .would  be  desirable  if  it  could  be  done  with  no  compromise  of  capability 
in  the  proposed  system.  Ancillary  equipment  and  special  tools  to  emplace, 
use,  and  maintain  prefabricated  airfield  surfaclngs  must  be  developed  as 
required. 

16.  Concealment  and  Deception 

Normal  camouflage  considerations  apply;  reduction  in  light  reflectivity 
is  required.  No  disguise  or  simulation  devices  are  required. 

17.  Interest 

This  system  will  probably  be  of  Interest  to  British,  Canadian,  and 
Australian  Armies. 

18.  Current  Inventory  Items 

There  are  no  existing  items,  and  no  items  are  under  development  by 
other  services  or  allied  armies  which  can  fulfill  this  requirement. 

19.  Communications  Security 

None . 

20.  Additional  Comments 

a.  If,  during  the  development  phase,  it  appears  to  the  developing 
agency  tnat  the  characteristics  listed  herein  require  the  incorporation  of 
certain  impracticable  features  and/or  unnecessarily  expensive  and  complicated 
components  or  devices,  costly  manufacturing  methods  or  processes,  critical 
materials  or  restrictive  specifications  which  will  prove  excessively  ex¬ 
pensive  or  serve  as  a  detriment  to  the  military  value  of  the  unit,  such 
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matters  snail  be  brought  *o  tne  immediate  attention  of  the  Chief  of  Research 
and  Development  of  tne  Array,  and  Headquarters,  U.  S.  Array  Combat  Developments 


Coramajna  for 

b. 

Control  No. 


consideration  before  incorporation  into  a  final  design. 
Tnis  materiel  requirement  i6  identified  by  XACDC  Action 
7494  and  supports  the  following: 

(l)  Array  Concept  Program  Army  75 


(2)  Study  "Engineer  75" \ 
USACDC  Action  Control  No. 

(3)  Array  Tasks 


(4)  Phase 

(5)  Function 


6493 

1:  High  Intensity  Conflict 
2:  Mid  Intensity  Conflict 
3:  Dow  Intensity  Conflict, 
Type  I 

4:  Low  Intensity  Conflict, 
Type  II 

6:  Military  A.id  to  U.  S. 

Civil  Authorities 
7.  Complementing  of  Allied 
Land  Power 

Materiel 

Service  Support 
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Table  I 

Single -Wheel  Tire  Pressure  Nominal  Contact  Coverage 


Mat  Classification 

Load ,  lb 

osi 

Area,  sq  in. 

Level 

Heavy  duty 

50,000 

250 

200 

1000 

Medium  duty 

25,000 

-50 

100 

1000 

Light  duty 

30,000 

100 

300 

1000 

CBR 

4 

4 

4 


Mat  Classification 

Heavy  » . 

Medium  duty 
Light  f-uty 


'  able  2 

Desirable  Weight 
lb  per  sq  ft 

5.0 

4.0 

2.5 


Es.  ential  Weight 
io  per  sc  ft 

6.5 

4.5 

3.0 


..ble  3 

Desirable  Placing  Rate  Essential  Placing  Rate 


Mat  Classification  sq  ft  per  ran -r, our  sq  ft  per  man-hour 


Heavy  auty 

LOO 

150 

Medium  duty 

400 

250 

Light  duty 

600 

400 

Table  4 

Desirable  Weight 

Essential  Weight 

Memo rane  Clas s i f i cation 

lb  per  sq  yd 

lb  per  sq  yd 

Heavy  duty 

5.0 

6.0 

Medium  duty 

3-0 

4.0 

Light  duty 

1.0 

2.0 

Table  5 

Desirable  Placing  Rate 

Essential  Placing  Rate 

sq  ft  per  man-hour 

sq  ft  per  man-hour 

Heavy  duty 

300 

200 

Medium  duty 

400 

300 

Light  duty 

600 

400 

Incl  1 
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Reproduced  from 
best  available  copy. 


PROJECTED  PERFORMANCE  CP  MEMBRANES  FOP.  PERIOD  OF  SIX  MONTHS  (1200  SORTIES*) 


(This  Is  a  nrcll-irary  tsble  subject  to  revision) 


Oper'.‘ .  ;r. 

Max  Ermine  Hun-  Locxea-Aheel 
Ur,d.r,A  vD  Tor  layoff  -ms  TagilM 


-ocxed-^neel 

— _ 


Auxiliary  Use 
Waterproofing 
Beneath  Undine  Mats 


Rerr.a  rks 


Heaw-Dutv  Mcr.brar.e  (5-1  lb  per  so  vd) 


F-111A 

4 

4 

4 

H 

4 

4 

"-1110 

** 

4 

4 

4 

4 

4 

F--B 

i 

4 

». 

4 

1 

1 

L 

* 

4 

4 

A. 

1 

C— > 

4 

4 

L 

4 

4 

4 

C-130E 

1 

1 

1 

1 

1 

1 

C-7A 

1 

i 

1 

1 

1 

1 

Ch-54 

1 

1 

1 

1 

1 

1 

C  h-**7 

i 

1 

X 

1 

1 

X 

Uri-1 

1 

1 

NA 

1 

NA 

1 

CV-1 

1 

1 

1 

1 

1 

1 

01 -E 

X 

1 

1 

1 

1 

— »1*A 

4 

4 

Medium-Duty  Mmbrtne  ( 3-1  lb  per  so  vdi 

4  14 

A 

p-:ua 

4 

4 

4 

L 

4 

A 

F--3 

3 

3 

X 

4 

4 

X 

C-iU 

4 

4 

4 

4 

4 

4 

C-5 

4 

4 

4 

4 

4 

\ 

C-ljOE 

2 

2 

1 

1 

1 

1 

C-^A 

1 

1 

1 

1 

i 

1 

Ch-5  A 

1 

1 

1 

1 

1 

1 

CH-A7 

1 

X 

1 

X 

1 

1 

UH-1 

1 

1 

NA 

1 

NA 

1 

OV-i 

1 

1 

1 

1 

1 

1 

01 -E 

1 

1 

1 

1 

1 

1 

F-II1A 

4 

A 

Lixht.-Duty  Membrane  ( 

A 

--2  3-b 

4 

ger  sc  ,vd) 

4 

4 

F-liiB 

4 

L 

A 

4 

4 

4 

F-aB 

4 

A 

3 

1 

3 

1 

C— 1A1 

4 

A 

A 

4 

4 

4 

C-J 

4 

A 

A 

4 

4 

4 

C-130E 

3 

3 

2 

X 

2 

1 

C-^A 

3 

3 

2 

i 

2 

1 

CH-5A 

X 

1 

1 

1 

1 

1 

CH-A7 

1 

1 

1 

1 

X 

1 

•JH-i 

3 

3 

NA 

3 

NA 

1 

CV-1 

3 

3 

3 

1 

1 

1 

01 -E 

1 

1 

1 

1 

1 

1 

Performance  rating 
scale  for  n.embrane* 

1  Satisfactory 

2  Borderline 

3  Unsatisfactory 

4  No  test  data 
available 


*  Sortie  -  one 
landing  and  one 
takeoff 


NOTE:  The  purpose 
of  this  projected 
performance  of  a 
family  of  membranes 
is  to  indicate  their 
relative  capabilities 
for  selected  current 
aircraft  and  heli¬ 
copters. 


Incl  3 
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//  for 

*iocs(card,typ:w:iiter) 

*0;.C  ..ORD  IKTECERS 
-LIST  SOURCE  PROCRAK 

*traksf  er  trace 

c  .tr-\3  i data  a;;d  calculate  ;;i  :: i  "Emer;  r.r  strekctiis  required 
c 

c 


c 

■> 


j 

7 

2 

2  2 


C 

ICG 

101 

105 
C 

C  READ  WE  I  Gill ,  VOL,  DENSITY,  AW'D  AREA  FACTORS 
CALL  DAT5W ( 1,  I GW1) 

CO  TO  (11C,  140), I  GUI 

110  KSW2  =  2 

READ (2, 5)WFACT, VFACT, DFACT, AFACT,  CW 

£ 

C  READ  PARAMETER  CARD 
14  0  CALL  DATGW (2,1 GW2  ) 

CO  TO  (  150,  10  0),  I  SI/2 

150  READ  (  2  ,  S  )KA,‘IE,  VI,  V2,  Tl,  T2,  AQ,  I  S,  PD,  MMQ,  SLO,  S  P,  C,  CD,  (  PRQ(N  ) ,  IJ-  1,  3  )  , 
2(WTQ(K),K=1,  3) 

S=  I  3 

SPP=(SP+1. ) / 2000. 

V1=V 1*5220. 

V2=V2*5220. 

DTQ=24 . * (1. -AQ/100.  )/S 
TT  =  T1+T2/(C*C:.‘) 

rvc-i./(vi*c;i) 

c 

C  READ  IK  THEATER  l/ATA 
ICO  CALL  DATSW(  3,  I  S . 3 ) 

GO  TO  (  105,  175  ), I  GW 3 
10  5  READ  (2,  2)  I ,  TLOKG, TW I  DE,  ELEV,  TEIIP 
1  F  (  I  /111,  111,  115 

111  CALL  STACK 
GO  TO  1C  5 

115  KSW2-2 

READ (2,3)  (KAFPC(J),  J-l,  17) 

C 

C 

C 


REAL  KL  ( 1 7  )  ,  LG  ( 17,  4  ) ,  LR  ( 1  7 ) ,  LT  ( 1  7 )  ,  •  D'O 

CO.’V.OK  KAF  PC  ( 1 7 ) ,  KAKF  (  5  ) ,  KAP(  17),  LI  FT  (  1  7  ) ,  PRO  (  j  ) ,  WTO  (  3  ) ,  WTr  ( 1 7 ,  4  ) , 
1  WT C  (  1  7,  4),  .'I T  ( 1 7,  4  ) ,  S A T  ( 1 7 ,  4  ) ,  S : 1 C  (  1  7 ,  4  ) ,  G ; ! T (  1 7,  4  ) ,  A (  1  7 ,  5  ) 

CO.".: ’.OK  VI,  V2,T1,T2,AP,GR,  PR,SLC.,  C,  CK,  S,GPP  DT0,TT,W FACT,  VFACT, 

1  OFACT,  AFACT,  CW,  RVC,  KAFL,  KAF'  ,  IS,  I  ,  KL,  LO,  LR,  LT,  .".HD 
COKKOK  TLOK’R,  TW  I  DE,  ELEV,  TE’IP,  WD  ( 1  7,  4  )  ,  l;0.*  (  1 7,  4 ) 

eo:::;at(  i  :,  ocx,  5Ec.o) 

FORMAT  (  2X,  2C  I  3) 

FCR;’.AT(5FC.  C) 

FORMAT ( I  2, 5X, IGF  5.  0) 

FOR.".AT(3A2,  2F3.0,  2F4 . 0,  F 3 . 0,  I  3,  F 3 . 0,  F4 . 0,  F5 . 0,  F3 . 0,  F2 .  0,  F2 . 0,  3F 4 .  0 
1  ,  3  F  2 . 0 ) 

FORMAT  ( ’SCKSl  T  A  S’2X  '  ,‘JSE  '  3  X  '  KSC  '  3  X 1  K'ST '  3X 1 WTE  '  2  X '  WTC  '  2  X  '  WTT  ' 

1  2  a  'WOA'  3X  ' ,  13  C  '  3  X  ' ;  13C  ’  3  X  '  MST  *  2  X  *  AV  '  3X  '  DT  '  4  X  '  Mf  Wl'SX'SC'i+X’P', 

2  SX'SLE'SX'SLC'SX'SLT'//) 


KGW 1  =  1 

CALL  DATSW ( 14, I SW14  ) 
GO  TO  ( 105,  1C1), ISW14 
PAUSE  1111 
KSW 1=  1 
K5W2  =  1 
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Jn,ia3  pare  2 


c 

c  7. n a n  in  a i f i  eli  data 

17  5  CALL  PATH'..'  ( ;i ,  I  S'NL  ) 

CO  70  v  ICO,  135),  I  S'.Mt 
i3  0  REAP (2,  3)MAC,MAFL,MAFU 
IFCIAOMC,  1GG,  1G  7 
ICO  CALL  STACK 
1  iO  i  0  13  0 

1G  7  KSN2=2 

no  170  k=i,;:ac 

read (2,7)  ;;,nl(n),  (lg(.n,  j)/nd(n,  j),  j=i,  4) 
170  continue 
0 

0  CALCOLATC  A  I  UP  I  CLP  DATA 
13  5  CO  TO  (250,  100),  KS.J2 

10 0  CALL  AF DAT 
C 

C  00  SLI.S  1  T  I  V!  7Y  ANALYSIS  01  GET  MINIMUM  MEMBRANE 
250  CALL  DAT S‘J  (  5 ,  I  S./5 ) 

C.0  TO  (255,550,  ISW5 
255  GO  TO  (275, 30C),K5W1 

2  75  Will  TE(  1,  22) 

K5N 1=2 

300  CALL  CALI 
C 

350  GO  70  IOC 

END 

:  EA'I  U  u  SUPPORTED 
TRANSFER  TRACE 
ONE  WORD  INTEGERS 
IOCS 

CORE  REQUIREMENTS  FOR 

COMMON  10 10  VARIABLES  14  PROGRAM  50G 
END  OF  COMPILATION 
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//  FOR 

♦ORE  WORD  INTEGERS 
♦LIST  SOURCE  PROGRAM 

SO 3 ROUT  I  A C  AFDAT 


C 

c 


t. 


135 
10  0 

105 

200 


210 

211 


212 

215 

21G 

220 


REAL  RL( 17), LG( 17,  4),  LR(  17) ,  LT  ( 17) ,  MHO,  LOT, 


\X 


COMMON 
1  w'7 C  C 1  7 

commo:: 

1  DFACT, 

commor 


RAF  PC  (17),  NAi u:  (  3  )  ,  i.AP ( 1 7 ),  1. 1  FT  (  1  7 )  ,  PRO (  3 ), WTR(  3  ) ,  WTF.C  17,4), 
,  4),.JTT(i7,  4),S;/r(17,4),S:;C(17,4)/S;.T(17,4),A(17,5) 

VI,  V2, 71,  72 ,  AO,  SP,  PR,  SI.Q,  C,  CN,  S ,  S  PP,  070,  7T,  UFACT,  VF  ACT, 

A r  ,',C7,  C ,  R  VC ,  RAF  L ,  OAF U,  I  S ,  1 , 1. L ,  LG,  L R,  L 7 ,  i II !() 

TLGRG,  T •<  I  DE,  ELEV,  TEMP,  ND(  1 7,  4  ),  WOA(  17,  4  ) 


DEE=0. 

DE7=0. 

DELT=TFMP-59 . 0 
I F (0EL7 )  100,  100,  135 
[iET=DEL7/300. 
r)ELE  =  ELEV-iCOC. 

I F(DFLE ) 2  C  0,  2  00,  10  5 
DEE»DELE/10000. 

ADJCT=(  1.+DETW1.+DEE) 

no  220  j=raf l, rafu 

I  F (  RAF  PC (J)  )2 15, 215,  "  10 
!F(J— 17)211, 212,212 
LR ( J )  =  LG ( J, 1 ) * AO JST 
LG7AX=  LG ( J, 2 ) *AO JS7 

LT ( J )  =  LGTAX  +LG( J, 3 )  +  LG ( J, 4 ) +UD( J,  4  )  *2  . 

A  ( U , 3  )  =(  LGTAX  *WO( J, ?)+LG( J,  3)  *UO(  J,  3 )*LG( J, 4 ) *WD( J,  4 ) ) *AF ACT 

A  ( J ,  4  )  =LiUJ)  *WD(  J,  1)  *AFACT 

GU  TO  2  1C 

LR ( U )  =  LG ( J, 1)*C 

LT(  J )  =1.0  ( J,  1)  *3  . 

A ( J ,  3  )  =  L G ( J , 1 ) *WD ( J, 1) »AFACT*2 . 

A  ( J ,  •* )  =  0  . 

GO  TO  210 
A  ( J ,  4  )  =  C  . 

A  ( J ,  3  )  =  0  . 

LR  (  J ) “ 0  . 

A( J,  1) =A( J, 4)/3. 

A(  J,  2  )  =  A  (  J,  1 )  *  2  . 

A(U,  5)  =  A ( J ,  4 )  *  A  ( J ,  3) 

COtJTI  KUE 

RETURII 

END 


i 


FEATURES  SUPPORTED 
ORE  WORD  IRTEGERS 

CORE  REQUI REMERTS  FOR  AFDAT 
COM.' '.OR  1G1G  VARIADLES  22  PROGRAM  334 

END  OF  COMP 1 LAT I  OR 
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//  7-3.1 

*o;.c  :o:;ri  integers 
■*  LliT  SOURCE  PROGRAM 

L, 

S'JDP.OUT  1  ‘.E  CALI 
C 

C  CALCULATE  M  I  ,R  I  MUM  STRENGTH  ART  ..L I  CUT  TO  MEET  Q-R  AV,  ’VIM,  AND  SL. 

C 

REAL  ;;L(17),  LG(17,4),  LRU  7),  LT (  1  7)  ,  '.IIQ,  MM’l,  USE,  RSC,  RST,  .'IS3RT,  MSEOR 

c 

oo: ;; .0;.  :.af pc ( 1 7 ) , ;r  ( 3 ) ,  ;:ap(  i 7 ) , l 1 fe  < 1 7 ) , prq( 3 ) ,  ;;tq ( 3 ) , i:te ( 1 7,  u ) , 
1  UTC(17,L),..77(17,;.),S,.E(17,.';),S::C(17,!1),5:;T(17,!i),A(17,3) 

co::;;o:i  v  1, V2, ti, 72, at., up, pb,slq, c, c : : , s, opp, 373, tt, '..’fact, vfact, 
i  dfact,  /  fact,  c\:,  ::vc,  ;:afl,  ::afli,  is,  i,::l,lg,lr,l7,:i:ig 
com. mo::  tlo:.c,  t ::  1  oe,  elev,  temp,  . : d c  1 7,  ■’» ) ,  *.:oa ( 1 7,  l ) 
c 

20  FOR:  'AT  (  0  A2 ,  2  I  2,2X'TILT'  I  2) 

21  FORMAT(3A2,  31  2,  3FC  .  C,  U  F  5 .  0,  3FG. 0, F5. 1, 2FG. 3,F5. i,FS. 2,  3F3.  C) 

22  FORMAT(2I2,4.<,OE12.5) 

23  ,:u:v:at(’,  i  2,  , r  1 2 .  5) 

24  F0T::AT(2I2  4  X, 5E 12 . 3, 2FG , 0) 

r* 

07  R  ( XX,  Y'i  )  =  1 .  /  ( 1 .  /:<;<+ 1 .  / Y Y ) 

CALL  PATSUdO,  I  SI.’IO) 
c.o  to  cco,  ns),  1  si:  10 

3u  ' ;  I  T [:  (  2 ,  2 2  ) 

;:i=i 

;.2  =  ? 


£5  0. 3 - 1 .  / 3  . 

cc::=c*c:< 
c..;;=r.pp/ c;: 

XLUG  =  -7,LCG(PD) 
VAL3=55.*SLQ/SP 


DO  r  7  CJi  7,1  RF  I  ELD 

00  700  j=;;\fl,::afu 

I  FC. AFPC(vJ)  )  700,  700,  30 
30  T  3  =  L T  ( J  )  /  V 2 

VAL1=LR( J)*RVC 
V  A  L  2  =  L  T  ( J  )  *  R  V  C 

iC  AG  E  =  1 

I  F((J-3)*(U-7))55,52,55 
32  KASE=2 

GO  TO  G3 

35  IF(J-17)G5,G0,G0 

CO  KASE=3 

r 

c  pu::'.:ay  imu ire  ■, r. ;:tg 

05  I  31=1  F I X(VAL1/OTO+1. ) 

I  7  =  1  F  I  X(  (T3+7ALl)*CC:i/:i!fC+l.  > 
17(102-101)  103,  105,  100 
100  101=102 

10  5  I  F( !  01- IS)  115,  113,110 

no  :;ugo=i 

GO  TO  000 

113  DO  12  0  !■'.:;=  I  01,10 

G 0  =  I  S-7.i;+  I  01 
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c 

TL57=SG/XL0G 
;;sr.3:L=TT/  (GTQ-VALl/GO) 

I  l:(;;sr)02-TEST)120,  1jO,130 
120  CONTINUE 

I F(  I  01-  1  )  1  30,  130,  125 
125  :;5B02  =  7ES7 

150  GO  TO  (133, 305, 305), KA5E 

C 

C  TAX  I  '..'AY  PvEQIJ  I  2EMFII7S 
133  7EM  =  (73  +  VAL  1  )/50 

iii  =  i  Fix(7Ai.2/(’U'a/crr;-TE.M  )  +  i.) 

I  F  ( I  1 1- I  S  )  1  fiO,  140,  135 
135  11000  =  2 

GO  TO  TOO 

14  0  no  155  K K  —  I  11,  IS 
5i=i3-:;:;+ 1  11 

co::=:::iq-te';*cc:-val2*cg::/si 

7E57=72*73  . / 7  2 . /COP 
I  F  (7E57-; I5I;D2)  145,  150,  150 
145  70S  7=’ 15  5  01', 

150  ::5:nT=  :i/ (co::-t2/tegt) 

TC5=5 1/ X  LOG 

I F (  :  5  3  0  7  -  7  E  5  )  1 5  5 ,  155,  10  5 
155  COXTl.HjF. 

I  F( I  11-1)105, 105,  1GO 

1  00  .-iSOD  I  =  r  LS 

io  5  : 15  3  d:l= T  u  5  i 

TE5T=:i53JT/72. 

I  F  ( ;  1 5  !>  D  2  -  7  E  5  7 }  2  2  0 ,  223,  225 
220  ::G:;o.n=TE57 

22  5  15(00+1.-5)227,227,235 

2  2  7  ?c=r.xp(-(50+i. )/  isms) 

I  F(  PO-PB )  2 3 5,  230,  230 
23C  50=30+ 1. 

GO  TO  133 

r 

c  coos i oe o  or:r,  v.in  ago  tires  memboame  system 

r 

235  i;U  =  3 

GO  TO  300 
30  5  >:(J=  1 

300  no  coo  i;=i,i;u 

c 

C  SEP.  VI  CE  LIFE  2EOU  I  OEMEMTG 
5002=:  :5m> 

5;)0T=:i5Bi)T 

GO  TO  (310,  j25,3'!5),i; 
r 

c  o.-je  ;:c;i:;.iA:.r  o.n  e:iti  .c  aiafif.lo 

310  GO  TO  (315, 311,314), KAS E 

311  T  E  5  T  =  ( (  V  A  L  3  /  A  ( J ,  5  )  )**3*34./3.)**0.25 
I  F  ( 5  5 1)  2  -T  E5  T )  312,  3*3,  313 

312  5 :  j  [)  2  =  T  E  5  7 

313  5007=0. 

s  :i  d  e  b  5 :» o  :i  *  j  .  /o. 

5000  =  500. >0  . 

51100=5002 
00  70  431 

314  7E57=(  (  VAL3/A(J,  5)) **3*272.  5**0.2 5 
IF(5I3  02-7E5T)313,31G,31G 

C 

C 

C 

B-5 

128 


i 

\ 

i 


i 


■'4 

} 


I 

j 

4 

i 

) 


CALI  PAGE  3 


315  SHORTEST 
31  o  S rs  r  =  0  . 
snnc«o. 

5onT=sr.oR 

SGD0=S3DR 

CO:iT=(SBDT/2  72  .  )**,R3 
CONE=  0 . 

coi;c=o. 

CO  TO  435 

313  TlST=( (VAL3  /  A(  J ,  5  ) )  **  3*2  72  .  /  73 .  )  *  *0  .  2  5 
TEN  "TEST *  73 .  / 72  . 

I  F ( S 3 nu - T E: i  )31'J,  320,  320 

ii  j  sorr=tf.m 

520  SUDT"SDDR*72 . 

GO  TO  3 L 5 

c  rwo  ;ig;;g, races,  oije  on  runway 

325  r:GT=((VAL3  /  A( J, 4  ) ) **3*34 . /0 . ) **0 . 2 5 
I (SniOR— TEST)  330,  335,  335 
330  SBDR-TEGT 

335  T F 5 T  =  ( (  V A L  3  /  A(  J,  3  )  )  **3«2  72  .  )  **0 . 2  5 

I F (SCOT -TEST ) 340,  345,  345 

340  SHOT =TF  ST 
TEST =SROT / 72 . 

!  F(GBQR-TFST) 341, 345, 345 

341  S",DR  =  TrGT 

345  S?. nr  =  SRO.T*0  . /3. 

sr,,oc=sonR*o . 
nn  to  450 

c  three  membranes,  ends,  centers,  other 

305  TEST-(  (V,M3  /  A(  J,  3  ) )  **3*2  72 .  )  **0  .  2  5 
IF(SBDT-TEST)400,410,410 
400  SBI)T=TEST 

TEST=SBDT/72. 

IF(SR0R-TE5T)405,  410,410 
4o5  SHORTEST 
410  5DDC  =  SGD,R*2 . 

TFST  =  GL10T/3. 

I  F(G00C-TEST)415,  420,  420 
415  S40C=TEGT 

420  TEST" ( ( VAL3  /  A( J, 2 ) ) **3*34 . ) **0 . 2 5 
I  F(G0DC-TEST)421,  423,  423 

421  G II 1)  C  =  T  F.  G  T 

T  E  S  T  =  5  B  D  C  /  9  . 

I  F  ( S  B  D  R  -  T  E  S  T )  4  2  2 ,  423,  423 

422  SB0R=TE5T 

423  CBRES'BAR  (5BDR,  -SBDC) 

TEST= ( ( VAL3  /  A( J, 1 ) ) **3*4 . 25 ) **0 . 25 
IF(S  ODE-TEST)’,  25,430,430 
425  GGDE=TEGT 

S  0  D  R  =  B  AR  ( S  R  R  E ,  S  B  0 C  ) 

430  SBB0=B AR (  SRDR,  SOOT) 

C 

C  COMPUTE  STRENGTH  REQUIREMENTS 

431  CO!,!r=(SODE/4.25)**R3 
COHC=(S3DC/34.0)**R3 
CO:.T=  (SDDT/272.  )**R3 

435  H£E*CONE*liL(  J) 

NSC»COIIC*NL(J) 

c 

c 

c 
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C  CALI  PACT  h 

C 

;.st=co-:t*::l(  j) 
c 

c  get  ..c i  g’its  ( i  :i  tows) 

,.Tl(  j,  i;)=a(  j,  i)*;;se*C'.:u 
WTCC  J,I()=A(J,  2)*tl5C*CWW 
;;T7(  j,  k) =A( j, 3) 
srjfi  c  J,  k)-:jse 
s:,c(  j,  k)=::sc 

r  •  -  t  (  j  j/  )  ~  j  i  r  J 

w oa (  j'  k  )  =wt c  (  j ,  ic)  +wtc (  j , :: )+wtt (  j,  k  ) 

r* 

c  compute  eim/l  performance  values  for  printout 
D7-VAL1/S0+TT/  G^R 
AO  TO  (407, LOG, 400), KASF 
LOG  :;,"!l=*  (T3+VALl)*CCA/SO+T2/5r.^O 
P1  =  0. 

CO  TO  LOS 

40  7  MM1 1=  ( T  3/S  0+  VA  L 1  /  S  0+  V.\L  2  /  3 1+T  2  /  CCt!/  SROO)  *CCN 

P1=EXP( -5 1/  SOOT) 

4 o s  ?o=e xp( -s o/  sror) 

AV=(1.-S*OT/24.)*100. 

GO  TO  (  502,  504,  508),  K 
5C2  GO  TO (  503,  505,  50G), KASE 

503  SLE=272./73.  *  A(J,  5)*SP*C0i.'E**4/55. 

3LC=SLE 

3  LT  =  S  LE 
GO  TO  500 

504  SLE=34. 0/0.0  *  A(J,4)*SP*COiiE**4/55. 

SLC=SLE 

S  LT=  2  72  .  *  A(J,3)*SP*COi.'T**4/55. 

GO  TO  500 

50  5  SLE  =  3  4.0/3  .  0*A(J,  4)*SP*COIiE**4/55. 

S  LC  =  S  LE 
f»LT  =  0. 

GO  TO  500 

50G  5LT=2  72  . *A( J,  5 )  *S  P*COIiT*  *4 /5  5  . 

SLC=0 . 

3LE=0. 

CO  TO  500 

5CG  SLE=  4.25  *  A(J, 1 ) *  S  P*  CO  f )  E  *  *  4 / 5  5 . 

5LC=  34.0  *  A(J,  2)  *SP*COi!C**4/55. 

S  LT=  2  72  .  *  A  (  G,  3  )  *S  P*CO!JT*  *4  /  5  5  . 

500  WR  I  TE  ( 1,  2 1  )riAME,  I ,  J,  K,  SHE  ( J,  K ),  SiiC( d,  K ),  GMT ( J,  K) ,  WTE  ( J,  !() ,  WTC(  J,  K) 
1,1/TT(J,K),  UOA  ( J,  K ),  SSOF,  ST.DC,  SPOT.  AV,  07,  MHH,  SO,  PO,  SLE,  SLC,  SLT 
CALL  DATSWdO,  IS’.'IO) 

GO  TO  (520, 500), I SW10 

520  WRITE  (2,  23)  I  ,  J, !(,  til,  SI.'E  ( J,  K) ,  S.’IC  ( J,  K),  StiT(  J,  K ) ,  WTr  ( J,  K),WTC(J,K), 

1  l.'TT  (  J,K),  I  ,  J,  K,  tJ2,WOA(  J,  10 ,  SHOO,  SCO?,,  SCDF,  SBDC,  SCOT, 

2  I,  J,  K,  113,  AV,  DT,  MMH,  SLE,  SLC,SLT,  I ,  J,  K,  IJ4,  SO,  P0,51,  PI 
590  CALL  DAT  Sit  (0,  I  SWO ) 

GO  TO  (000,000), ISWO 
GOO  COiiTlilUE 
C 

C  SAVE  SCHEME  WITH  MINIMUM  WEIGHT 
Will  !J°WOA(  J,  1) 

KSV=  1 

GO  TO  (G05, G70, G  7  0 ) , K AS  E 
G05  DO  C  15  l(  =  2,  3 

I  F (WOA(  J,  K )  -  WM I  IJ)G10,  615,015 
G 10  Will  ti=WOA(  J,  K ) 

C 

C 

C 
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',15 
G7  0 

GSO 


JO  9 
590 

C 


700 

C 

90C 

C 


i:sv=ic 

CONTINUE 

CALL  DAT Z'.!  (10,  I  Si.’lO ) 

CO  TO  (GOO, G90), I SW10 

i:  01  TEC  2,  2  2  )  I  ,  d,  SUE  (  J,  KS  V),  SNC  ( J,  KSV)  ,  SNTC  J,  KSV),  l/TE  ( J,  KSV)  , 
1  'i.'TCC  J,  KSV)  ,  NTT  ( J,  KSV) 

UR  I  TEC  2, 2D  I  ,J,  (A(J,K),!C=1,5),  LRCd),  LT(J) 

CO  TO  GOO 

nr i te ( l, 20 ) name,  i,j,nooo 

i  Tfi ( i,  21) 

'.Jill  TEC  1,21) 

CALL  DATSl.’CO,  ISUC) 

GO  TO  (0  00,  700),  I SWO 
CONTINUE 

return 

end 


FEATURES  SUPPORTED 
ORE  WORD  INTEGERS 


CORE  REQUIREMENTS  FOR  CALI 
COMMON  1G  1C  VARIA3LES  IOC  PROGRAM  10  52 

END  OF  COMP’,  LAT  I  ON 
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//  FOR 

'IGCS(CA.{D,  TYPEWRITER) 

*OHE  i.'u  !D  I  HTEGERS 
*  LIST  SOURCE  PROGRAM 

c 

c  class  memdrahe  strf.hgtiis  auo  assign  to  mrfif^ds 


dimers  ion  ..ts ( 5 , 17, 3), sts(5,  17, 3), tat ,2 so, 2),  a (5, 17, 5),::s;.' 
1  fon(5,  17), RAF  PC(5,  1 7 ) ,  f:S  V  ( 3 , 3 ) ,  SAVE  (  3 ) 

tarrato.  1 3, 3 fa  .0) 

format  ( ix 1  nc 1 3  x 1  r;s '  4  x 1  wt  '  / ) 

FOR'7.T(  I  3 ,  F  0  .  C ,  F  7  .  3  ) 

F0'V:AT(  12,7013) 


'  IAT  (213/315, 3F7.0) 

",AT(/7//3X'5,3X'T,3X,A,3X'E'3X'r.'3X'T,r>X,TONS'/) 
::at(///'l  i  2  3  toi.'S  '  / ) 

".AT  ( I  1,31  L, Flfi. 0) 

.  IAT  (A  I  l.,  F  10  .  0) 

.'IAT  (  2  I  L,  1SX,  F10.  0) 

"AT ( I L,20X,F10.0) 

: IAT  (2  I  2,  LX,  GE12  .  5) 


C  2  ECO  OUT  AAA AYS 
,/G  2  5  I  =1,  5 
Du  25  J=l,  17 
JO  24  K= 1 , 3 
:.TS(I  ,  J,Kj=0 
S I S ( I , J, K) =0 

24  cohtihue 

DO  25  11=1,  5 
A ( l ,  J , R )  =  0 

25  COOT  I  HUE 
C 

C  HEAD  HEADED  CARDS 

READ  (2,  DHTML,  NTHU,  IMF L,  IIAFU,  SP,WFACT,  CW 
FACT=(l.+SP+WFACT)/2000. 

C 

C  READ  DATA  CARDS 

READ ( 2 , 1) HCD 
DO  4  0  KI>1,  HCD 

READ (2,  22)  I  ,  J,  ( STS ( I  ,  J,  K) ,  K<*  1,  3 ) 

READ(2,  22)  I  ,  J,  (Ad  ,  J,K),K=1,  5) 

40  CDHTIHIJE 

DO  42  K=MTHL,  IITHtJ 
R  E  A  D ( 2 , 12)1 , (NAF PC ( I , J), J-l,  17) 

42  COHTI HUE 

'..RITE(2,  5) 

C 

C  FI  HD  MAX  AHD  Mill  STREHCTH 

SHI  11=  0.  IE 3  0 
S  I A  X  =  0 

DO  11  I  =HTIIL,  fJTHU 
DO  11  J  =  HAFL,  IIAFU 

I  F  (IIAFPC  ( I  ,J)*(J-1)  *(J-2)*(0-14)*(J-15)*(J-lG) )  75,  91,  75 
75  I  F  ( J- 17  )  7  7,  7G,  7G 

70  KL-3 

GO  TO  78 
77  ICL  =  1 

C 
C 
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C 

c 

c 

7C  no  9  0  K  =  K  L  , 3 

IF  (STS  (I  ,0,!C)-SMAX)85,85,30 
CO  S  "A;I  =  STS  ( I  ,  J,  1C) 

3  5  I  r (STS ( I  ,  J,  K)-S'tl  (I)  3  7,90,90 

3  7  S  '  I  M=STS ( I ,  J,  k  ) 

oo  cnr:T  I  ;juf 

91  CONTINUE 

c 

C  DIVinr  1,'ITO  CLASSES  SO  THAT  5MAX  (  I  )  =S'1AX*  0 . 0**  (  I  -  1 ) 
.•!;i=ALOGCs;:ir:/s.’,.AX)/ALor,(.9)  +  i 
90  10  0  I •  “  1  /  '  i*  I 
l=h.',+  i-n 

TA3(N,  i)=sn,\x*.  o *  *  (  l- i  ) 

c  get  min  hemdrane  ’..'eight  to  give  reqd  strength 

TAD  ( N,  2  )  =TA3  (N,  1)  /  CW 
ICO  COliT I  HUE 

C 

C  LIST  CLASSES 

UR  I  TEC  1, 4) 

WIUTEC2, 5)  (N,  (TAO(N, J), J31,2),N31,MM) 

Ui!ITE(  1,  5 )  ( 14 ,  (TAD ( N, J ), J31,  2),!.'31,MM) 

Will  TIKI,  ID 
C 

C  REDEFINE  STRENGTHS  AND  WEIGHTS  IN  TERMS  OF  CLASS  MAX 
90  100  I  =NTHL, NTHU 
DO  159  J  =  I.'AFL,  NAFU 

IF(NAFPC(I,J)*(J-1)*(J-2)»(J-14)*(J-15)*(J-1G))120, 159,120 

120  I F( J-17) 122, 121, 121 

121  K  L  =  3 

;:sw(i)  =  o 

::sw(2)  =  o 

GO  TO  123 
12  2  K L  3  1 

123  DO  IN 2  K ■  K L ,  3 
DO  UtO  L=l, MM 

IF  (STS  (I  ,  J,K)-TAB(L,  D)  150,  150,  14  0 
140  CONTINUE 
L=.",M 

150  STS(  I  ,J,K)«TAB(L, 1) 

WS(l,J,K)-TAR(l,2) 

:  SU  ( 1C )  3  L 

142  CONTINUE 

00  151  ii- 1,  3 

151  WT5(I,  J,N)-WTS(I , J,N)*A(I,U,N)*FACT 
Ul!  I  TE  ( 1,  15)  I  ,  J,  NSW,  (WTS  (  I  ,  J,K),  K-1,3) 

Iv'R  I  TE  (  2  ,  15)1  ,  J,  NSW,  (WTS(  I ,  J,  K),  IC-l,  3) 

159  CONTINUE 
URiTECl,  15) 

160  CONTINUE 
C 

C  SUMMARIZE  TONNAGE  FOR  1,  2,  OR  3-MEMBRANE  SYSTEM 
WRITEd,  17) 

IC2  L3 1 
K  2  U  3 1 
IC3L-1 
K3U=  1 

DO  231  L= 1, 3 
SAVE(L)30. IE  3  3 
GO  TO  (170, 155, 155), L 
155  K2U-MM-1 
C 
C 


'! 
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C 

C 

C 

C 

no  TO  (170,  170,  155), L 
lcs  ;;2L=2 

170  DO  230  l(2  =  K2L,  K2U 

GO  TO  (130,  130,  175  ) . L 
175  1(30=1(2-1 

130  DO  230  !C 3  =  1C 3 L ,  K3U 
WOA-0. 

DO  250  I  "HTML,  HTML) 

DO  250  J=UAF L,  NAFU 

I  F(KAFPC(  I  ,  J)*(J-1)*(J-2)*(J-14)*(J-15)*<J-1C) )131,  250,  131 

131  I F(J-17)133, 132, 132 

132  1(1  =  3 

CO  TO  IGii 
13  3  l(l.=  l 

134  TOi:  ( 1 ,  J )  =  0 . 

DO  220  I(=KL,  3 
CD  TO  (2  10,  200,  100), L 
100  I  F  ( STS  { I ,  .1,  !()-TAP(l(3,  1)  )  IDS,  10  5,  230 
105  TOn  (I  ,  J)  -TON  ( 1  ,  J)  +  TAD(K3,  2)*A(I  ,  .J,  10  *F  ACT 
CO  TO  220 

20  0  I  F  ( STS  ( I  ,  J,  1C )  -TAD  ( K  2 ,  1 )  )  2  D  5,  2 0  5,  2  10 

20  5  Tor:  ( I  ,  J  )  =  TO  t  J  ( I  ,  ,I)  +  TAR(K2,  2)*A(  I  ,  J,IC)*FACT 

GO  TO  220 

210  to;:c i ,  j ) = to r : ( i  ,j)+tad(mm,  2)*a( i ,  j,k)*fact 

220  co::ti;;ije 

woa=woa+td;;(i  ,  j)*nafpc(  i  ,  J) 

250  coriTii.u: 

I  F  (1/OA-SAVE  ( L ) )  2  5 1,  2  30,  2  30 

251  SAVE (  L )  ='./OA. 

CSV ( L, 1 )  *  K  3 
iiSV(L,2)=K2 

230  COiiT  I  DUE 

;jsv(l,3)-:im 
GO  TO  (232,234,230), L 
2  32  1(3  =  0 

1(2  =  0 

GO  TO  237 
234  1(3  =  C 

K2»!JSV(L,  2 ) 

GO  TO  237 

230  l(3  =  :iSV(L,l) 

K2  =  iiSV(L,  2 ) 

2  37  UR  I TE( 1, 13 )  L,  K3,  K2, MM,  SAVE ( L ) 

231  COIJTI  HUE 
C 

C  GET  ACTUAL  USAGE  OF  EACH  SYSTEM  AT  EACH  AIRFIELD 
WRITEd,  1G) 

DO  280  L= 1, 3 
l.'OA  =  0. 

00  234  I  =I!THL,  (ITHU 
'..1  =  0. 

00  232  J*MAFL,  IIAFU 

I FOlAFPCd  ,  J)*(J-1)*(J-2)*(J-14)*(J-15)*(J-1G) ) 2 0 5 ,  2  82,  20  5 
205  I F( J-17)2G8,  206,  206 
2  CO  KL=3 

USW(1)=0 
ilS.J  ( 2 )  =  0 
GO  TO  209 
20  i  KL  ■  1 
200  TOi'K  I ,  J)=0. 

C 

C 
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CLASS  PACT  4 


C 

CO  2.10  l(  =  KL,3 
CO  TO  (2  70, 274,270),  L 
2  70  K3=N5V  ( L,  1 ) 

I  F  (STS  (I  ,  J,  K )  -TAP.  ( K  3,  1  ))  2  72,  7  72,  2  74 
2  72  :;S'7  ( 10  =  '(  3 

TO, ’|  (  I ,  ,J )  =  T 0 r .  (  I  ,  J  }  +  TAn>  ( K  3,  2  )  *A  ( I  ,  !,  K)  *F  ACT 

no  "0  2  0 

274  K2--;.'5V(L,  2) 

I  F  ( 5 T S  ( I  ,  ■  I ,  : ) -TAP (K2,  1  )  )  2  70,  2  70,  2  70 
27G  ■;:•:(  iO =k  2 

T  O  ( I  ,  J )  =  ro;;  ( I  ,  ,1 )  +  TAR  (K  2,  2  )  *A  ( I  ,  J, '()  *F  A  CT 

00  *  0  2  u 

2  78  TON ( I , J ) =T0N ( I  ,  J )  +  TAB  (MU,  2  )  *A  (  I  ,0,  K)  ‘FACT 

(i:)=  m:; 

28  0  CCuTINUC 

'.O'.ITrd,  1 3  )  L ,  I ,  J,  NSW,  TOtJ  (  I  ,J) 

.Ji-..i+T.j::(i ,  J) 

2  8  2  COOT  I  OUT 

.:oa=woa+i;i 

I  TE  ( 1,  2  o  )  L,  I,U1 
i.;;iTC(i,  is) 

2  s  4  c  u ' ,  r  I ' .  u  L 

wR I TL ( 1,  2 1 ) L,  WOA 
..R  I  TE(1,  15) 

.;:i i te ( l,  is) 

2S6  COilT  I  .’JU  E 

c 

CALL  EXIT 
END 

FEATURES  SUPPORTER 

o::e  uord  integers 

IOCS 

CORE  REQUIREMENTS  FOR 

COMMON  0  VARIABLES  3102  PROGRAM  2040 

END  OF  COMPILATION 
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//  FOR 

- 1  ocs(card,di  si;,typewri  ter) 

•ONE  WORD  INTEGERS 
•LIST  SOURCE  PROGRAM 

C  PROGRAM  TO  COMPOTE  COST  EFFECTIVENESS  OF  MEMBRANES 
C 

REAL  MSBOE,  MSBDC,  MSBDT,  MSBDR, MSBDO 
C 

DIMENSION  ACS),  XNL(  17 ) ,  N A  F  PC ( 17), NAME ( 3 ) , STR ( 2 S ) ,  SUM1 ( 1 7 ) , SUM2C 17) 
1, LI  FECI  7), PRQC3),  WTQC  3),  VALl IS) 

C 

COMMON  K,  KE,  KC,  KT ,  MSE , MSC , MST,  SS,  SLF.,SLC,SLT,  SL,  PP.F,  PRC,  PRT, 

1  PRS, RA,RS, RP,  EF,TS,  XMH,  AV, DT, SO, PO, SI, PI, PREO,  PRCO,  PRTQ, PR  SO, XNL, 
2UTE, WTC, UTT, A,  Al,  A2,  A3 ,  AL, AM, AH, TONL, TONM, TONH,  TONE,  TONC, TOUT, TON, 
3CI  ,CIR,CSOCA, CSOCS,CSCCA,  CSC CS, CSCFA, CSCFS,  CSTA,  CST5,  CP,  RMH, CR, T3, 

4  CSAfl,  CSSB,  CSACR,  CSSCR,  CFA,  CFS,  CM,  CTA,  CTS,  CEA,  CES,  CEO,  RL,  TL,  VAL1, 

5  MSII,MSM,MSL,  NOCO,  SUE,  SNC,  S  N  T,  MSB  D  F.,  MS  BOC,  MSBDT,  MSBDR,  MSB  DO,  VAL2 

COMMON  R3, R23, S,  DTQ,  CCN, XLOG, RVC, TT, WF, DCFA,  DCFS,  K5W,  NM,  KASE,SPTS 
COMMON  PMH,  RRE,  RRC,  RR7,  STR,  LIFE,  UFACT,  RFACT,  Cl.',  WA,  WS,  WP 

COMMON  NAME,  V1,V2,T1,T?,AQ, I S, PB, QMH, SLQ,  SP,  C,  CN,  PRO,WTQ,  PC 
COMMON  CFACT,COPS,COPA,CCFS,CCFA,  CPMII,  CPEH,  CPEH I 

COMMON  NO,  DQPA,  DOPS,  OCCA, DCCS, DCCSA, TLONG,  CCCA,  CCCS,  NAFPC 
C 

DEFINE  FILE  1  ( 1 7,  1 7 ,  U,  NF 1 ) ,  2 ( 17, 1 7, U, NF 2 ) , 3(  1 7,  17,  U,  NF 3 )  , 

1  4(17,  17,U,NF4),  5(17,  1 7,  U,  NF 5 ) , 6( 5, 34,U,NFG),  7(  8  5,  16  0,  U,  Nr  7) 

C 

1  FORMAT ( 4  I  3, CFG .  0) 

2  FORMAT ( 3A2, 2F3.0,  2F4.  Q,F3. 0,  I  3, F 3 . 0, F 4 . 0, F S .  0,  F 3 ,  0,  F 2 . 0,  F 2 . 0, 3F 4 . 0 
1  ,  SF  2  .  0,  F  3 .  0  ) 

3  FORMAT ( 2X, 12,  2F8. 0) 

4  FORMAT ( 10F8.  0) 

5  FORMAT ( 2 X, 2G  I  3 ) 

0  FORMAT ( I  2, 12 X,  4F G  .  0,  2 4X,  2T 6 . 0 ) 

7  FORMAT (8X,5E12.5,2F6.0) 

8  FORMAT ( 2X, I  5,  F  5  .  0 ) 

9  FORMAT ( jX, FG. 0) 

10  OFORMAT (////' SYSTEM'  12*  - '  I  2 , 3X ' L I  GUT- ' I  2, 2X'MEDI  UM=  '  I  2,  2X* HEAVY-' 

10  1  I 2,4X'0RiGIN='l  2,4X'CASE='  I  2,4X' PARAMETERS  -  '  3 A2  ) 

11  FORMAT (11,13,  3F9 . 0,  GF7.0,  2F8.0,  2F7.1,  2F8.0) 

13  FORMAT ( I  1, I  3,  31  4,  2F 7.  1,  F 10, 0, 4F 7,0, IX, 4 F 8. 2) 

14  FO  (MAT (II1  T0T'F8.0,2F9.0,6F7.0,2F8.0,2F7.1,2F8.0/) 

15  FORMATC  '  TOTAL ' F  3 . 0,  2F3. 0,  6F7.0,  2F8.0,  2F7.1,  2F8.0) 

1G  FORMATC I  1, I  3,  FG .  0,  F 7 . 0,  2F 8 . 0 , 2F 7 . 0, 2F 7 .  1, F9 . 0, F 3 . 0, 2F G . 0, F  C  .  3, 

1G  1  4FG. 0) 

17  FORMATC  II '  TOT ' 4  X,  3F8.  0  ,-2F  7 . 0, 2F7.  1,  F9 . 0,F3.  0,  2FG.  0,  FG.  3,  4FG.  0/) 

18  FORMAT ( 'TOTAL'  4X,  3F 3 . 0,  2F 7 . 0 , 2F 7 , 1 , F9 . 0 , F 8. 0,  2FG  .  0,  F G  .  3,  4F G . 0/ ) 
GOO  0 FORMATC  //9X,  ' CLASS  '  5X ' AVA I  LAB  I L I TY ' 4 X ' S , L. '  10X  '  PLACEMENT  RATE  1 
GOO  1  14X' NORMALIZED'/'  T  '  2  X  '  A  '  3X'E ' 3 X ' C ' 3 X ' T ' 4 X 1 0 / 0  '  IX  '  SOR T  I  ES ' 2  X ' SORT  I 
COO  2ES ' SX' E  'GX'C'GX'T'2X'SORTI ES ' 3X ' AVA I L ' 4 X ' S . L .  '  3X  '  P.  R .  '  3X 1  E F F CCT. ' 
GOO  3/) 

601  FORMAT (2  I  3, 31  5) 

402  OFORMAT (  //12X'AREA  AND  WEIGHT  OF  MEMBRANE  AND  ACCESSORIES'  5X 

G02  ^TRANSPORTATION  COSTS  ($1000)'/ 

G  0  2  2  1  OX ' AREA  (  1000  SQ  F T )  '  12 X ' WE  I  GUT  (TONS)'9X  'ORI Gl N-PORT'  5X‘C0NUS 

00  2  3-COMMZ '  4 X ' COMMZ -F  I  ELD '  5X ' TOTAL ' / ' T ' 2X ' A ' 3X ' L I GHT'  JX'MED I  UM ' 4 X 
002  4  1  HEAVY ' 3 X ' L 1 GHT '  IX  'MED  I  UM ' IX ' HEAVY ' 2 X ' TOTAL  '  3X  '  A  I  R  '  3 X '  TRUCK '  5X 

GJ2  5  'AIR'4X'SHIP'4X'AIR'3X'TRUCK'  3X  '  A  I  R  '  3X  '  S IIRFACE  1  /  ) 

003  OFORMAT ( / / 1 2 X ,  1 4 (  '-  '),  'SUMMARY  OF  MEMBRANE-RELATED  COSTS  PER  FIELD 
003  1  ($  1000)', 14C  -*)/5X, 'SORT-' 11X;0RIGIN-FIELD'3X'EM-'4X'RE-'4X 

00  ;>  2  'FI  ELD-COMMZ'2X' RECOVERED  VALUE  1  4  X*  F  I  XED'  1 3X '  TOTAL '  5X'  COST- EFF  .  '  ) 

C 

C 

C 
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c 

604  0F0RMAT ( *  T ' 2  X ' A ' IX  '  I  ES  IX' I NITIAL*  3X'AIR*UX'SURF.  1  2  X' PLACE  1  2X 
604  1' COVER '3X'AIR'3X'SURF.  ' 4 X* A  I R '  5X ' SURF . 1 2X' A I R '2 X '  SURF . ' IX 'MAI  NT. ' 

604  21X'AIR'2X'SURF.  ' 2X' At R  '  2X' SURF. '/ ) 

C 

R3-1./3. 

R23-2./3. 

C 

1000  CALL  DATSW(  14,  I  SV.'14) 

NOGO-O 

GO  TO  (20. 19), ISW14 

19  PAUSE  1111 
C 

CALL  DATSWU, I SWO) 

GO  TO  ( 100S, 20), ISWO 
1005  CALL  EXIT 
C 

C  READ  IN  THEATER  AND  AIRFIELD  NUMBERS,  CONSTANTS,  AND  WEIGHTING  FACTORS 

20  CALL  DATSWU,  ISW1) 

GO  TO  (21,22), ISW1 

21  READ  (2, 1)NTHL, NTHU,  NAF  L, NAFU,  WFACT, RFACT, CW, WA,  WS,  WP 
NOGO-5 

C 

C  READ  PARAMETER  CARD 

22  CALL  DA75W( 2, I SW2 ) 

GO  TO  (23,26), ISW2 

2  3  READ (  2,  2 ) NAME,  V1,V2,T1,T2,AQ,  I  S,  PB,  QMH,  SLQ,  SP,  C,  CN,  PRQ,  WTQ,  PC 
NOGO-5 
C 

5»  I  S 

Vl-Vl-5280. 

V2*V2*52S0. 

DTQ=24.*(1.-AQ/100. )/S 

CCN»C*CN 

XLOG--ALOG(PB) 

RVC-1./(V1*CN) 

TT-T1+T2/CCN 

C 

C  READ  COST  DATA 
26  CALL  DATSWU,  ISW4) 

GO  TO  (27,28), ISW4 

2  7  READ(2,4)CFACT,C0PS,C0PA,CCFS,CCFA, CPMH, CPEH,  CPEHI 

NOGO-5 
C 

C  READ  STRENGTH  OF  MEMBRANES  IN  TRIAL  SYSTEM 

28  CALL  DATSWU,  I  SW5) 

GO  TO  (29,30), ISW5 

29  READ(2, 5)NM, KASE,MSH,MSM,MSL 
NOGO-5 

C 

C  READ  AND  STORE  THEATER  DATA 
CALL  DATSWU,  I5WG) 

GO  TO  (30,32), ISW6 

30  DO  31  I -NTHL, NTHU 

READ ( 2, 6 )NT,  DCCA,  DCCS,  DCCSA, TLONG, CCCA, CCCS 
READ( 2, 3 )  NO, OOPS,  DO PA 
READ(2, 5)NAFPC 

UR  I TE (6 'NT)NO,DOPA,  OOPS,  DCCA, DCCS, DCCSA, TLONG,  CCCA,  CCCS,  NAF  PC 

31  CONTINUE 
NOGO-5 

C 

C 

C 

C 
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(J 
C 

c 

C  READ  AND  STORE  AIRFIELD  AREAS  AND  MINIMUM  STRENGTH  REQUIRED 

32  CALL  DATSW ( 7, ISU7) 

GO  TO  (33, 35), ISO 7 

33  READ( 2, 1)NAF, NUM 
00  34  J-l, NAF 

READ (2, 6C1)NT, NA,MSE,MSC,MST 
READ (2,7)  A, RL, TL 
UR  I TE (NT 1 NA)MSE,MSC, MST,  A,  RL, TL 

34  CONTINUE 
NOGO- 5 

C 

C  READ  CRITICAL  AIRCRAFT  APPLIED  LOAD  AND  AIRFIELD  LIFE 

35  CALL  DATSW( 8 , ISU8) 

GO  TO  (3C, 37), I SW8 

36  READ (2, 8) (LI FE( J),XNL( J),  J-l,  17) 

NOGO=5 

C 

C  READ  STRENGTH  CLASSES 

37  CALL  DATSWO,  ISW9) 

GO  TO  (33,40), I SWQ 

33  READ( 2, 1)NTAB 

RE AD ( 2 , 9 ) ( STR( I  ), l-l,NTAB) 

NOGO-5 

40  IF(NOGO-5)19, 39, 19 
C 

C  COMPUTE  COST  EFFECTIVENESS 
39  UF -WFACT/2  000 . 

K5WW-1 

DO  450  I -NTHL , NTHU 
READ  ( 6  '  I  )  NO, DO PA, OOPS,  DC C A,  DCCS,DCCSA,TLONG,CCCA,CCCS,  NAF  PC 
GO  TO  (  700,  702), KSHW 

700  UR  I  TE  ( 1,  10  )NM,  KASE,MSL, MSM,  MSH,  NO,  NUM,  NAME 
UR  I TE ( 1, COO ) 

LINE-10 
KSUW-2 
702  KSU-1 

I  I  - ( I -1 )  *1 7 
DO  400  J-NAF  L, NAFU 

!F(NAFPC(J)*(J-1)*(J-2)*(J-14>*(J-15)*(J-16))41,400,41 

41  READd  '  J  )MSE,  MSC,  MST,  A,  RL,  TL 
T3-TL/V2 

VAL1-RL*RVC 

VAL2-TL-RVC 

C 

C  COMPUTE  I  NTRA-THEATF.R  SHIPPING  DISTANCE 
IF(U-G)42,42,43 

42  DCFA=TLONG*0 . 75 
OCFS-DCFA-1. 25 
GO  TO  50 

43  IF( J-12 )44, 44, 45 

44  DCFA-TLONG-0. 50 
DCFS-DCFA-1. 25 
GO  TO  50 

45  I F( J- 17 )4  7,  46, 4C 

46  KSU-2 

GO  TO  42 

47  DCFA-TLQNG-Q . 25 
DCFS-DCFA-1. 25 

C 

50  CALL  ISSUE 

C 

C 

c 
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c 

c 

c 

c 

c 

c 


c 

c 

400 

450 

400 

C 

C 

4G5 

475 

700 

708 

480 

435 


430 

437 

488 


433 

490 

C 

C 

C 


MaI  M 


CALL  NS  PEC ( J ) 
CALL  EFECT(J) 
CALL  COST 


N  F  =  I  I  +  J 

UP.  I  TE(  7  'NF)K,KF,  KC,  KT,MSE,MSC,MST,  SS, S LE , SLC, SLT,  SL,  PRE,  PRC,  PRT, 

1  PPG,  RA,  RS ,  RP,  EF , TS,  XMH,  AV,  DT,  SO,  P0,S1,  PI,  PREQ,  PRCQ,  PRTQ,  PRSQ, 
2UTE  ,  UTC,  UT7  ,  A,  Al,  A2,  A3,  AL,  A!  i,  AH,  TONE,  TONM,  TONH,  TONE ,  TONC,  TOUT,  TON 
3C I , Cl R,CGOCA, CSOCS,  CSCCA,  CSCCS, CSCFA, CSCFS, CGTA, CSTS, CP,  RUN, CR, 

4  C5AB, CSSB, CSACR, CSSCR,  CFA,  CFS, CM, CTA, CTS,  CEA,  CES,  NAME,  RL,  TL 

PRINT  AVAILABILITY  SERVICE  LIFE,  PLACEMENT  RATE  AND  EFFECTIVENESS 
UR  I TE  C 1, 13) I , J,MSE,MSC,MST,  AV, SS, SL, PRE, PRC, PRT, PRS,  RA,  RS,  RP, EF 
L I NE- L I NE* 1 
CONTINUE 
UR  I  TEC  1, 1) 

L I NE-L I NE*1 
CONTINUE 
LI NE=00- L I NE 
DO  400  L™ 1 , LI NE 
UR  I  TEC  1, 1) 

CALL  DATSUC 10, I SW10) 

GO  TO  (499, 405), I SW10 

PRINT  AREA,  WEIGHTS,  SHIPPING  COSTS 
KSUU= 1 

DO  475  L-l, 15 
SUM1 ( L )  -  0  , 

CONT I NUE 

DO  49  5  I  -NTHL,  IJTHU 

READ  CC'I)  NO, DOPA,  OOPS,  DCCA,  DCCS, DCCSA, TLONG, CCCA, CCCS,  NAF PC 
GO  TO  (700, 708), KSWW 

UR  I  TEC  1, 10 )NM, KASE,MSL,MSM,MSH, NO, NUM, NAME 
UR  I TE (  1, 002) 

LINE-11 
KSUU-2 
I  I = ( I -1) *17 
DO  430  L=*  1 ,  15 
5UM2 ( L )  =  0  . 

CONTINUE 

00  490  J-NAFL, NAFU 

I F(NAFPC( J)*( J-1)»(J-2)*(U-14)*(J-15)*(U-10)  )4S5,  43  0,  485 
NF  = I  I +U 

READ  ( 7 ' NF )K, KE, KC,  KT,  MSE,  MSC,MST, SS, SLE, SLC, SLT, SL, PRE,  PRC,  PRT, 

1  PRS, RA, RS, RP, EF,TS,XMH,AV,DT,SO,  P0,S1, PI, PREQ, PRCQ,  PRTQ,  PRSQ, 
2UTE,UTC,UTT,A,A1,A2,A3,  (  VALCL), L-l, 6), TONE, TONC, TONT,  VALC7), 

3CI , Cl R,  ( VALCL), L-8,  15 ) ,  C P,  RMH, CR, 

4  CSAB,CSSB, CSACR, CSSCR,CFA,CFS, CM, CTA, CTS, CEA, CES, NAME, RL, TL 
00  488  L-l,  15 
IF(L-4)437,483,436 
I F ( L— 7)438,  488,  437 
VAL(L)=VAL(L)/10Q0. 

CONT I NUE 

UR  I  TEC  1, 11) I , U, ( V A L ( L), L-l, 15) 

LINE-LINE+1 
DO  489  L-l, 15 

SUM2 ( L ) -SUM2 ( L )*VAl( L ) *NAF  PC( J ) 

CONTINUE 
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C 

uri  te  ( i,  if* )  i ,  ( sur .2 cl),  l«i,  15) 

L  I  f.E  =  L  I  NE+2 

DO  49  3  L=l,  15 

sumkl)=sumkl)+sjm2(L) 

495  CON  r  I  NUE 
4J5  CONTI  NJE 

UR  I  TL  (  I,  15  )  (SUMK  L),  L=i,  15) 

LI  I.L=  L  I  NE  +  1 
LI  NE  =  Go  ~  L I  N£ 

DO  498  L=  1,  LINE 

498  UR  I  TEC  1,1) 

C 

C  PRINT  COST  SUMMARY 

499  K5UU=  1 

DO  5  JO  L-l, 17 
SUMK  L  )  -  0  . 

500  CONTINUE 

DO  535  I =NTHL, NTHU 

nEAD  (Cl  )  NO,DOPA,DOPS,DCCA,DCCS,DCCSA,TLONG,CCCA,CCCS,NAFPC 
GO  TO  (710, 712),  KSWW 

710  .(RITE  (  1,  10  )  NM,  KASE  ,  MS  L,  (ISM,  MSU,  NO,  NUM,  NAME 
UR  ITT (1,503) 

UR  I TE ( 1, G04 ) 

LINE- 11 
KSUU=  2 

712  I  I  =  (  I  -  1 )  *  1  7 

DO  510  L= 1, 17 
SUM2 ( L ) =0  . 

510  CONTINUE 

DO  52  5  J  =  NAF  L,  IJAFU 

IF(NAFPC(J)*(J-1)*(J-2)*(J-14)*(J-15)*(J-16))520, 525, 520 
520  NF  =  I  I  +  J 

READ  (  7 'NF )K,KL, KC, KT,MSE,MSC,MST,  SS,  SLE, SLC,SLT, SL, PRE, PRC,  PRT, 

1  PRS,RA,RS, RP,EF, TS, XMM, AV,  DT,  SO,  P0,S1, PI, PREQ, PRCQ, PRTQ,  PRSQ, 

2WTE,  UTC,  UT  T,  A,  Al,  A2,  A3,  AL,  AM,  AH,  TONL,  TONM,  TOIJH,  TONE,  TONC,  TONT,  TON, 
3VAL(l),CIR,CSOCA,CSOCS,CSCCA,CSCCS,CSCFA,CSCFS,( VAL ( L ) , L-2 , 4 ) ,  RMH, 

4  (VAL( L), L=5, 1G), NAME, RL, TL 
VAL ( 3 ) = VAL ( 8  )  +  C I R 
VAL ( 9 ) -VAL ( 9 ) +C I R 
DO  523  L= 1 , 1G 

523  VA  L  (  L)  =  V  A  L  (  D/1000. 

URITE(l,lG)i , J,TS, ( VAL(L),  L»l,  1G) 

LI NE-L I NE+1 

DO  524  L-l,  1G 

524  SUM2 ( L ) -SUM2 ( L )♦ VAL ( L ) *NAF  PC(  J  ) 

SUM 2 ( 1 7 ) -SUM2 ( 17 ) +NAF  PCC J ) 

525  CONTINUE 

DO  530  L-l, 17 

SUM1 ( L ) =SUM1 ( L ) +SUM2 ( L ) 

530  CONTINUE 

DO  527  L=10, 1G 

SUM2  (  L  )  -  SUM2  (*L  )/SUM2  ( 17 ) 

527  CONTINUE 

URITE(1, 17)1 ,(5UM2(L),L«1,16) 

LIN E-LI NE+2 
535  CONTINUE 

DO  541  L° 10 ,  1G 

SUM1  (  L  )  -SUMK  L )/SUMl  ( 17) 

541  CONTINUE 

URITEC 1,  18)  (SUMK  L),  L-l,  1G) 

C 

C 

c 
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o  o  n 


MAINl  PAGE 


540 

C 

C 


LI  NE=L I NE+2 
LI NE=G6-LI NE 
DO  540  L=1,LINE 
UR  I TE ( 1, 1) 

GO  TO  1000 

END 


FEATURES  SUPPORTED 
ONE  WORD  INTEGERS 
IOCS 

CORE  REQUIREMENTS  FOR 

COMMON  424  VARIABLES  198  PROGRAM  3056 
END  OF  COMPILATION 


141 


B-18 


//  FOR 

♦ONE  WORD  ! NTECER5 
•LIST  SOURCE  PROGRAM 

SUBROUTINE  ISSUE 


C 

c 

c 

c 

c 


c 


c 

55 


60 


G5 


6J 

7C 


76 

75 


70 

SO 


31 


32 


83 


C 

r 

c 


MATCH  AVAILABLE  MEMBRANES  WITH  RUNWAY  REQUIREMENTS 
(ALSO  RET  QMi!  PLACEMENT  RATES) 

REAL  MSBDE, MSSDC,  MSBOT,M5BnR, MSB DO 

DIMENSION  A ( 5 ) , XNL (17), NAP  PC ( 17 ) ,  NAME ( 3 ) , STR( 2  5 ), 
1  LIFE(17),PRQ(3),WTQ(3) 


COMMON  K,  KE,  liC,  KT,M5E,MSC,  MST/  S5,  SLC,  5 LC, 5LT, S L, PRE,  PRC,  PIU, 

1  PRS,  RA,RS,  IIP,  EF,T5,  XI III,  AV,  DT,  SO,  P0,S1,  PI,  PRFO,  PRCQ,  PRTO,  PP.SO,  XML, 
2UTE,WTC,WTT,  A,  Al,  A2,  A3,AL,  AM,  A.H,  TOLL,  TONM,  TONH,  TOPE,  TONC,  TOUT,  TON, 
3CI ,  C  I  .R,  CSOCA,  CSOCS,  CSCCA,  CSCCS,  CSC  FA,  CSCFS,  CSTA,  CSTf,  CP,  P.MH,  CR,  T3, 

4  CSAB,  CSSB,  CSACiR,  CSSC.R,  CFA.  CFS,  CM,  CTA,  CTS,  CEA,  CES,  CEQ,  RL,  TL,  VAL1, 

5  MSM,  MSM,  MSL,  NOGO,  SHE,  SRC,  SIIT, MSBOE/MSBDC,  MSSDT,.MSROR,M5Rr'0,  VAL2 

COMMON  R3  ,  R  2  3, S, DTO, CCN, XLOO,  RVC,  TT, UF,  DCF  A, DCFS, K5W, NM,  KASE,  S PTS 
COMMON  Pl'il  I,  RUE,  RRC,  RRT,  STR,  LIFE,  t/F  ACT,  REACT,  CW,WA,WS,WP 

COMMON  NAME, VI, V2,T1,T2,AQ,  IS,  PB, OMH,  SLO, S P, C, CM, °RP,WTO, PC 
COMMON  CF ACT,  COPS,  CORA, CCFS,  CCFA,  CPMH,  CPF't,  CPEM I 

COMMON  NO, OOPA, DOPS, PCCA,  DCCS,  DCCSA,  TLOMfi, CCCA, CCCS,  f'AFPC 


IFC 15  T-MSD55, 55,69 

MST=MSL 

PRTO“ PRO ( 3 ) 

KT-1 

I  F  (M.SC-MSL  )  60,  CO,  74 
MS C- MSL 
PRCQ“PRQ(3) 

KC=  1 

I F ( MS E -MSL ) G  5, C5, 79 
MS E =MSL 
PREQ“ P 1Q( 3 ) 

K  E  =  1 

GO  TO  25 

I  F  (MST-M5M)  70,  70,  31 
.  IS  t  “MSI  I 
Pi;T0“P.iQ(2) 

KT-2 

I  F  (,-ISC-MSM)  75,  75,  32 
MS  C  “MSM. 

Pi:CQ=PRQ(2  ) 

KC“2 

I F ( MS E -MSM) 30, 80, 83 
MS E “MSM 
PR EQ” PRC (2  ) 

KE  =  2 

CO  TO  35 
MST “MSM 
PRTQ-PRQ(l) 

KT“  3 
MSC=M5H 
PRCO“ PRO ( 1 ) 

KC-3 

MSL-MSI! 

PRFQ»PRQ( 1) 

ICE-3 
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c 

c 


IGGUF  P/OF.  2 


IF(,‘  .Gi-M5C)3G,C7,cJ7 
£7  I  F (M5T-MSE  )  3  J,  CC,  38 

cc  ;;=i 

GO  TO  9  5 
j  :;=3 

GO  TO  05 

00  I  F  (MSC-MSE  )9  1/92,92 

91  K  =  4 

00  TO  95 

92  K  =  2 
C 

95  g:;t=stp.(mst) 

CO  TO  (10  5,  100),  KG!.' 

ico  c:;r  =  o. 

G.'.'C-O. 

PRFQ-O. 

0 !00=0. 

MGE=0 

:icc=o 

00  TO  590 

105  s:;c  =  str(msc) 

S.JC-STiUMSC) 

3)0  RETURN 

end 

FEATURING  SUPPORTED 
0;.C  LORD  iilTEGFRS 

CORE  RCQU I  REMEi.TS  FOR  ISSUE 

common  424  variables  2  program 

END  OF  COMPILATION 
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1 1  FOR 

♦ONE  WORD  INTEGERS 
♦LIST  SOURCE  PROGRAM 

SUBROUTINE  NSPEC(J) 


C 

C 

C 

C 


C 


C 


c 


so 


c 

05 


C 

00 


10U 

105 

no 

115 

120 

122 

121* 

125 

127 

C 

123 


130 

C 

r 

C 


COMPUTE  MINIMUM  INSPECTION  FRFOIJENCY 


.REAL  MS  DDE,  MSB  DC,  MS  ROT,  MSBDR,  MSB  DO 

D I  MENS  I  ON  A ( 5 ) , XNL ( 17  )  , NAFPCC 17),  NAME (3),  STR( 2  5  ), 
1  L I FE ( 1 7 } ,  PRQ ( 3 ) , WTQ( 3 ) 


COMMON  K,  ICE,  KC,  KT,  M.5E,  MSC,  MST,  SS,  SLF,  SLC,  5LT,  SL,  PR  F,  PRC,  PRY, 

1  PP.S,  RA,  RS,  UP,  EF, TS,  XMH, AV, RT,  SC,  PC, SI,  PI,  PREQ,  PRCQ,  PRTQ,  PRSC.,  XNL, 
2WTE,  WTC,  WTT,  A,  A 1,  A2,  A 3,  AL,  AM,  AH,  TONL,  TONM,  TONH,  TONE,  TONC,  TONT,  TON, 
3C I ,  C  I  U, CSOCA,  CSQCS, CSCCA, CSCCS,  CSCFA, CSCFS,  C5TA, CS7S, CP, RMM,  CR,  T3, 
i*  CSAB,  CSSI5,  CSAC.R,  CSSCR,  CFA,CFS,  CM,  CTA,  CTS,  CEA,  CES,  CEQ,  RL,  TL,  VAL1, 
5  MSH,M5M,MSL,  NOGO,  5NE,  SNC,  SNT,  MSBDE,  MSBDC,  MSP.DT,  MSBDR,  MS300,  VAL2 
COi  '.MON  R3,  R2  3,  S,  DTQ,  CCN,  XLOG,  RVC,  TT,  l.'F,  DCFA,  DCFS,  KSW,  NM,  KASE,  SPTS 
COMMON  PMH,,RRE,  RRC,  P.RT,  ST  i ,  L  I  F  E ,  WF ACT,  RFACT,  CW,  WA,  US, UP 

COMM, ON  NAME,  VI,  V2,  Tl,  T2,  AQ,  I  S,  PB,  QMH,SLQ,  S  P,  C,  Cll,  PRQ,  WTO,  PC 

COMMON  CFACT, COPS, COPA, CCFS,  CC FA, CPMH,  CPEH, CPEHI 
COMMON  NO,  DOPA, DOPS, DCCA,  OCCS,  DCCSA,  TLONG, CCCA, CCCS, NAFPC 


D  AR  ( X  X ,  Y  Y )  =  1 .  /  ( 1 .  /  X X+  1 .  /  Y  Y ) 


GO  TO  (15,30), KSW 

MSBr'T=272.*(SNT/XNL(J))**3 

MSBnc=0. 

MSBDF=  0 . 

MS3D.R=MSP.DT 
MSP00=MSBD7 
GO  TO  00 


!1S3DE  =  i*.  25*(SNE/XI!L(J)  )**3 
MGBDC=34.0*(SNC/XNL(<J) )  **  3 
MSBDT=272.*(SNT/XNL(U))**3 
MS DDR = 3 AR (MS DDE, MS R DC ) 
MSCDO  =BAR(M5BDN,  M.SCDT) 


101*  I F i X ( V A L 1 / ( DTQ- TT/ MSBDR ) + 1 . ) 

I  02  =  I  F  I  X(XLQG*MSBl).U 
I F( I  02-1  )100,  115,  105 
I  02  =  1 
GO  TO  115 

I F( I  02-15)115, 115, 110 
I  02=1  S 

I F{ I  0  1-1 02  )  12  5,  125,  120 

I F( I  01-1 5)122,  122,  123 

S 0= I  01 

CO  TU  127 

SG  =  I  S 

CO  TO  127 

S 0= I  02 

CO  TO  (128, 300), KSW 

I  11=  I FIX(VAL2*CCi:/(OMH-(T3tVALl)*CCN/50-T2/MSBD0)  +  l. ) 
112=  IFIX(XLOG*MSPr»T) 

I F ( I  12-1  )  130,  .45,  135 
I  12=1 
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c 

c 

c 


nspec  pace  2 


GO  TO  145 

135 

1  F( 1 12-IS)145,  145, 

140 

14  o 

1  12-15 

14  5 

1  F ( 1  11-1 12)155, 155 

,  150 

150 

1 F ( 1 11-1  S)  152,  152, 

154 

152 

S  1- 1 11 

CO  TO  300 

154 

01=15 

GO  TO  300 

155 

51=1 12 

C 

310 

RETURN 

C 

□in 

FEATURES  SUPPORTF^ 
0"C  \l O'?"  lilTF.GFRS 


CORF  RFQUI REMEMTS  FOR  MG  PEC 
COMMON  424  VAR  I APLES  14  PROGRAM 

END  OF  COMPILATION 
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//  FOR 

•ONE  WORD  INTEGERS 
•LIST  SOURCE  PROGRAM 

SUBROUTINE  EFECT(J) 

C 

C  COMPUTE  EFFECTIVENESS 
C 

REAL  MSBDE, MSBDC, MS8DT, MSBDR, MSBDO 
C 

DIMENSION  A(5),XNL(17),NAFPC(17),NAME(3),STR(2S), 

1  LI F£ ( 1 7) ,  PRQ( 3 ),  WTQ( 3 ) 

C 

COMMON  K,KE,KC,KT,MSE,MSC,MST,SS,SLE,SLC,SLT,  SL,  PRE,  PRC,  PRT, 

1  PRS, RA, RS, RP, EF,TS,  XMH, AV, UT, SO, PO,Sl,  PI,  PREQ,  PRCQ,  PRTQ, PRSQ,XNL 
2WTE, WTC, WTT, A,  Al,  A2 ,  A3, AL, AM, AH, TONL,  TONM,  TONH,  TONE ,  TONC, TONT, TON 
3C I , C I R, CSOCA, CSOCS,  CSCCA, CSCCS, CSCFA, CSCFS, CSTA,  CSTS, CP,  RMH, CR,  T3 

4  CSAB,CSSB,CSACR,CSSCR,CFA,CFS, CM, CTA,CTS,CEA,CES,CEQ,  RL, TL, VAL1 

5  MSH, MSM,MSL,NOGO,SNE,SNC,SNT, MSBDE, MSBDC, MSBDT, MSBDR, MSBDO, VAL2 

COMMON  R3,  R23, S,  DTQ,  CCN, XLOG, RVC, TT,  WF ,  DCFA, DCFS,  KSW, NM, KASE,SPTS 
COMMON  PMH, RRE, RRC,  RRT, STR, LIFE,  WF ACT, RFACT, CW,  WA,  WS,  WP 

COMMON  NAME, VI,  V2,  Tl, T2,AQ, IS, PB, QMH, SLQ, SP, C, CN, PRQ,  WTQ,  PC 
COMMON  CFACT,  CO PS,  CO  PA, CCFS, CCFA, C PMH, CPEH, CPE HI 

COMMON  NO,DOPA,DOPS,DCCA,DCCS,DCCSA,TLONG,C.  CA, CCCS, NAFPC 

C 

C  COMPUTE  DOWNTIME,  AVAILABILITY,  MAINTENANCE  MANHOURS 
GO  TO  (150, 100), KSW 
C 

C  HELIPORTS 

100  DT-VAL1/S0+TT/MSBDT 

AV»(1.-S*DT/24.)*100. 

SS«24.*(1.-AQ/100. )/DT 

XMH«  ( T3  +  VAL1 )  *CCN/S0*,T2/MSBDT 

SLT”2  72  . •  A(5)*SP*(SNT/XNL(J))**4/55. 

SLE-0. 

SLC-0. 

SL-SLT 

IF(SL-SLQ)115,115,110 
110  SLL-SLQ 

GO  TO  120 
115  SLL-SL 
120  PO-EXPC-SO /MSBDT) 

Pl-O. 

WTE-O. 

WTC-O. 

WTT-SNVCW*.  034 
PRE-Q. 

PRC-O. 

PRT-50.  /WTT**2 
PMH-A(  3 ) /PRT 
PRS-PMH*  S/PC/24. 

PRSQ-A( 3 ) *  S/PRTQ/ PC/24  , 

RRE-O. 

RRC-O. 

RRT-75. /WTT*«0. 875 
GO  TO  185 
C 

C  AIRFIELDS 

150  DT-VAL1/S0+TT /MSBDR 
AV-(l.-S‘DT/24. )*100. 

SS-24. • ( 1. -AQ/100. )/DT 
C 
C 
C 
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c 

c  EFECT  PAGE  2 

C 

XMH=( T3/SO+VAL1/SO+VAL2/S1*T2/CCN/MSBDO )  *CCN 
PO=EXP( -SO/MSBDR) 

P1=EXP( -S 1/MSBDT) 

C  COMPUTE  SERVICE  LIFE 

GO  TO  (160,  16 5, 170, 175), K 
1G0  SLEa272./73.*A(5)*SP*(SNE/XNL(J))**4/55. 

SLC=SLE 
SLT=SLE 
SL=SLE 
GO  TO  ISO 

165  SLE=34. 0/9. 0*A(4)*SP*  (SNE/XNK J ) ) **4/55 . 

SLC=SLE 

SLT=272.*A(3)*SP*(SNT/XNL(J))**4/55. 

SLa ( SLE+SLT) / 2 . 

GO  TO  ISO 

170  SLE-4.25*A(l)*SP*(SNE/XNL(J))**4/55. 

SLC=272./9.*(A(2)*A(3))*SP*(SNC/XNL(J))**4/55. 

SLT=SLC 

SL' ( S  LE  +  S  LT ) / 2 . 

GO  TO  130 

175  SLE=4.25*A(l)*SP*(SNE/XNL(J))**4/55. 

SLCa34.Q*A(2)*SP*(SNC/XNL(U))**4/55. 

5LTa272.0*A(3)*SP*(SMT/XNL(J))**4/55. 

SLa(SLE+SLC+SLT)/3. 

130  I F  CS L-SLQ> 182,  182,  181 

131  SLLaSLQ 
GO  TO  183 

1S2  SLL=SL 
C 

C  COMPUTE  WEIGHT  AND  PLACEMENT  RATE 
133  WTEaSNE/CW*. 034 
WTC-SNC/CW+. 034 
WTTaSNT/CW+. 034 
PREa50 . /WTE**2 
PRC-50. /UTC**2 
PRT-50./WTT—2 

PMHaA (1)/PRE+A(2)/PRC*A( 3 )/PRT 
PRS-PMH*  S/PC/24. 

PRSQ-(A(1)/PREQ*A(2)/PRCQ*A(3)/PRTQ)*  S/PC/24. 

C 

C  ALSO  GET  RECOVERY  RATE 
RRE-75./UTE**0.875 
RRC- 75 . /WTC**0 . 875 
RRTa75./WTT **0.875 
C 

C  NORMALIZE  AVAILABILITY,  SERVICE  LIFE,  AND  PLACEMENT  RATE  WITH  QMR  VALUES 
13 r  RAaSS/S 

IFCRA-l. ) 2  00,  200,  190 
190  CALL  DATSWC13,  ISW13) 

GO  TO  (  192,  194),  I  SW13 
192  RA-l. 

GO  TO  200 

194  RAa2.*(l.-l./2.**RA) 

200  RSaSLL/SLQ 
RP-PRSQ/PRS 
I F(RP-1. ) 2 1 0 , 210,  205 
205  GO  TO  (207,  210),  ISW13 
207  RP-1. 

C  COMPUTE  EFFECTIVENESS 

210  EFa (WA*RA+WS*RS*WP*RP)/ (WA+WS+WP) 

C 

C 

c 


B-24 


147 


n  o  o  o  o 


EFECT  PAGE  3 


COMPUTE  NUMBER  OF  SORTIES  DURING  LIFE  OF  AIRFIELD 
TS=S*  L I FE( J ) 

IF(J-17)230, 220,220 
220  TS=5400. 

230  SPTS=SP*TS 
C 

RETURN 

C 

END 

FEATURES  SUPPORTED 
ONE  WORD  INTEGERS 

CORE  REQUIREMENTS  FOR  EFECT 
COMMON  424  VARIABLES  14  PROGRAM  938 

END  OF  COMPILATION 
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//  FOR 

•ONE  WORD  INTEGERS 
•LIST  SOURCE  PROGRAM 
SUBROUTINE  COST 
C 

REAL  MSBDE, MSBDC,  MSBDT,  M5BDR,  MSBDO 
C 

DIMENSION  A(5),XNL(17),NAFPC(17), NAME( 5),  STR( 2  5) , 

1  L I F  E( 17), PRQ( 3),  WTQ( 3) 

C 

COMMON  K,  KE,  KC,  KT,  MSE,  MSC,  MST, SS, SLE, SLC, SLT, SL,  PRE,  PRC,  PRT, 

1  PRS,  RA, RS, RP, EF,  TS,  XMH,  AV,  DT, SO,  P0,S1, PI, PREQ,  PRCQ,  PRTQ,  PRSQ, XNL, 

21/ TE,  WTC,  WTT,  A,  Al,  A2,  A3,  AL,  AM,  AH,  TONL,  TOIJM,  TONH,  TONE,  TONC,  TONT,  TON, 

3CI ,CIR,CSOCA,CSOCS,CSCCA,CSCCS,CSCFA,CSCFS,CSTA,CSTS,CP, RMH, CR,  T3, 

4  CSAB, CSSB, CSACR,  CSSCR,  CFA,  CFS, CM, CTA, CTS,  CEA,  CES,  CEQ,  RL,TL, VAL1, 

5  MSH,MSM,MSL,  NOGO,  SNE,  SNC,  SNT,  MSBDE, MSBDC, MSBDT,  MSBDR,  MSCDO, VAL2 

COMMON  R3,  R23,  S,  DTQ,  CCN, XLOG, RVC,  TT,  WF, DCFA, DCFS, KSW, NM, KASE,SPTS 
COMMON  PMH, RRE,  RRC,  RRT,  STR,  LIFE,  WFACT, RF ACT,  W,WA,WS,WP 

COMMON  NAME,  VI,  V2,T1,T2,AQ,  IS, PB,  QMH, SLQ, SP, C, CN, PRQ,  WTQ, PC 
COMMON  CFACT,  COPS,  COPA,  CCFS,  CCFA, CPMH, CPEH, CPEHI 

COMMON  NO, DOPA,  DOPS,  DCCA,  DCCS , DCCSA, TLONG, CCCA, CCCS, NAF  PC 
C 

C  ADJUST  AREA  OF  MATERIAL  REQUIRED  FOR  AIRFIELD  LIFE 
A1-A(1)*(1.*SPTS/SLE) 

A2-A(2)*(1.*SPTS/SLC) 

A3-A(3)*(1.+SPTS/SLT) 

C 

C  COMPUTE  INITIAL  COST  OF  MEMBRANE  AND  REPLACEMENT  PARTS 
C I-(A1*WTE+A2*WTC*A3*WTT)*CFACT*(A1+A2*A3)*0.1 
C 

C  COMPUTE  ORIGIN-CONUS  PORT,  CONUS-COMMZ,  COMMZ-F I  ELD,  AND  TOTAL  SHIPPING  COS' 
TONEaAl*WTE*WF 
TONCaA2*WTC*WF 
TO  .-»A3*WTT*WF 
TO  •  TONE+TONC+TONT 
TO  L-O. 

TO  ■  >0. 

TO  1-0. 

AL  -O. 

AM  •  . 

AH,:  . 

GO  )  (200, 202, 204), KE 
200  TON  'TONL+TONE 
AL“.  .♦Al 
CO  I,)  206 

202  -Of  'l-TONM+TONE 
AM-AM+A1 
GO  '0  206 

204  TONI  «TONH*TONE 
AH-/ M+Al 

206  GO  TO  (203, 210, 212), KC 
208  TONL  'TONL*TONC 
AL-A  -*-A2 
GO  TC  214 

210  TONM-TONM+TONC 
AM-AM+A2 
GO  TO  214 

212  TONH “TONH* TONC 
AH-AH*A2 

214  GO  TO  (. 16, 218, 220), KT 
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J  O  O  CM 


COST 


PAGE  2 


16  TONL-TONL+TONT 
AL=AL+A3 
GO  TO  225 

218  TONM-TONM+TONT 
AM-AM+A3 
GO  TO  225 

220  T0NH*T0NH+T0NT 
AH=AH+A3 

225  CSOCA=COPA*DDPA*TON 
CSOCS=COPS*DOPS*TON 
CSCCA=CCCA*DCCA*TON 
CSCCS=(CCC5*DCCS+CCCA*DCCSA)*TON 
CSCFA*CCFA*DCFA*TON 
CSCFS=CCFS*DCFS*TON 
CSTA-CSOCA+CSCCA+CSCFA 
CSTS"CSOCS»CSCCS+CSCFS 
C 

C  COMPUTE  PLACEMENT  COST 

CEQ=CPEH*(A(5)/1000. )**1. 5/40. 

C  P*  C  PMH  *  PMH+  C  E  Q 
C 

C  COMPUTE  RECOVERY  COST 

RMH-(A(1)/RRE*A(2)/RRC«-A(3)/RRT)*RFACT 
CR  RMH*CPMH+CEQ 
C 

C  COMPUTE  COST  OF  SHIPPING  SERVICEABLE  MEMBRANE  BACK  TO  COMMZ 
TONR»TON*RFACT 
CSAB*CCFA*DCFA*TONR 
CSSB»CCFS*DCFS*TONR 
C 

C  COMPUTE  VALUE  OF  RECOVERED  MEMBRANE  AT  COMMZ 

CIR“((A(1)*WTE+A(2)*UTC  +  A(3)*WTT)*CFACT+(A(1)+A(2)+A(3))*.  1)«RFACT 
CSACR=(COPA*DOPA+CCCA*DCCA)*TONR 
CSSCR*(COPS*DOPS+CCCS*DCCS+CCCA*DCCSA)*TONR 
C 

C  COMPUTE  MEMBRANE  TOTAL  FIXED  COST 

CFA-(CI+CS7A-CIR-CSACR+CSAB*CP*CR) 

CFS*(CI+CSTS-CIR-CSSCR*CSSB+CP+CR) 

C 

C  COMPUTE  MAINTENANCE  COST  PER  LIFE  OF  FIELD 
CM=XMH* ( CPMH+CPEH ! /CCN) *TS 
C 

C  COMPUTE  TOTAL  COST  PER  LIFE  OF  AIRFIELD 
CTA-CFA+CM 
CTS-CFS+CM 
C 

C  COMPUTE  COST  EFFECTIVENESS 
CEA=CTA/EF 
CES=CTS/Er 
C 

RETURN 

END 

FEATURES  SUPPORTED 
ONE  WORD  INTEGERS 

CORE  REQUIREMENTS  FOR  COST 
COMMON  421*  VARIABLES  12  PROGRAM  598 

END  OF  COMPILATION 
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TOTAL  0.  0.  88170.  0.  0.  64266.  64266.  15743.  4533.  23141.  3462.  1624.8  489.5  40509.  8486 


SYSTEM  1  -  1  LIGHT-  0  MEDIUM-  0  HEAVY-21  ORIGIN-  1  CASE-  2  PARAMETERS  -  1  PASS 
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TOTAL  5345.  80219.  4G87.  913.  13024.  3416.  22354.  5421.  1560.  7899.  1184.  569.8  171.6  13890.  2917 
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